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Microchip Development Tools Take Cost and Time 
Out of Embedded Design 


Supported by Industry-Leading MPLAB® Single Development Environment 


Cross-Platform Universal Open-Source 


With over 1.15 million development systems already shipped, Microchip Technology 
has a reputation for providing a comprehensive range of world-class, low-cost, 
easy-to-use application development tools. Combining Microchip’s powerful free 
MPLAB® IDE with application- and product-specific starter kits cuts the cost and 
complexity of your embedded designs. 


MPLAB X IDE is the new single, universal graphical user interface for Microchip and third party 
software and hardware development tools. It is the industry's only IDE to support an entire MPLAB® ICD 3. DV164035 
portfolio of 800+ 8-bit, 16-bit and 32-bit PIC° MCUs, dsPIC® DSCs and memory devices. It 
includes a feature-rich editor, source-level debugger, project manager, software simulator, 
and supports Microchip’s popular hardware tools, such as the MPLAB ICD 3 in-circuit debugger, 
PICkit™ 3 starter kit, and MPLAB REAL ICE™ in-circuit emulator. 


Based on the open-source NetBeans platform, MPLAB X runs on Windows® 0S, MAC® OS and 
Linux, supports many third-party tools, and is compatible with many NetBeans plug-ins. 


Add starter kits, reference designs and webinars for specific PIC MCU and dsPIC DSC families 
and you have all the tools you need to fast-track your embedded design. The low-cost starter 
kits help you to use application-optimised PIC MCU and dsPIC DSC families in wireless and 
wired networks, security, motor control, automotive and low-power designs, as well as in 


A cack PICkit™ 3 Debug Express 
graphics and general-purpose applications. -DV164131 


Start now! Download the MPLAB IDE Quick Start manual at: 
www.microchip.com/tools 
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The Microchip name and logo, the Microchip logo, dsPIC, MPLAB and PIC are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. PICkit, PICDEM and REAL ICE are trademarks of Microchip Technology 
Incorporated in the U.S.A. and other countries. All other trademarks mentioned herein are property of their respective companies. © 2011, Microchip Technology Incorporated. All Rights Reserved. DS52032A. ME297AEng/10.11 
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drawings, photographs and articles published in 
EVERYDAY PRACTICAL ELECTRONICS is fully 
protected, and reproduction or imitations in whole or 
in part are expressly forbidden. 


Our June 2012 issue will be published on 
Thursday 3 May 2012, see page 80 for details. 
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Projects and Circuits 


COMPACT HIGH-PERFORMANCE 12V STEREO AMPLIFIER 
by Nicholas Vinen 
Have you been looking for a 12V, low distortion amp — this is the one for you! 


HIGH-QUALITY DIGITAL AUDIO SIGNAL 
GENERATOR - PART 3 by Nicholas Vinen 
The ‘driving’ instructions for this sophisticated signal generator project 


LOW-POWER CAR/BIKE USB CHARGER by Nicholas Vinen 
Achieve up to 89% efficiency with our USB charger operating 
from a 12V car battery 


SOLAR-POWERED LIGHTING CONTROLLER - 
PART 1 by John Clarke 
Build a high efficiency solar lighting system with MPPT and three-stage charging 


TECHNO TALK by Mark Nelson 
Statistics 


JUMP START by Mike and Richard Tooley 
Electronics for newcomers — Moisture Detector 


CIRCUIT SURGERY by lan Bell 
Triac driving 


PRACTICALLY SPEAKING by Robert Penfold 
Front panel design 


PIC N’ MIX by Mike Hibbett 
chipKIT Arduino development — Part 2: Altitude Indicator 


NET WORK by Alan Winstanley 
On guard!... What’s next?... Life’s a lottery... On location 


Regulars and Services 


EDITORIAL 
Updates to recent items: Raspberry Pi... Jump Start... EHT Probe 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


MICROCHIP READER OFFER 
EPE Exclusive — Win a Microchip MPLAB Starter Kit For PIC32MX1xx/2xx 


SUBSCRIBE TO EPE and save money 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


READOUT - Matt Pulzer addresses general points arising 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 


ADVERTISERS INDEX 
NEXT MONTH! - Highlights of next month’s EPE 


Readers’ Services ¢ Editorial and Advertisement Departments 
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QUASAR 


electronics 


Solutions for Home, Education & indlusiry Since 1993 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £14.95 
18Vdc Power supply (PSU121) £24.95 
Leads: Parallel (LDC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


USB & Serial Port PIC Programmer 
USB/Serial connection. 
Header cable for ICSP. 
Free Windows XP soft- 
ware. See website for PICs 
supported. ZIF Socket and 
USB lead extra. 18Vdc. 
Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £59.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


USB Flash/OTP PIC Programmer 
USB PIC programmer for a wide 
range of Flash & OTP devices— 
see website for details. Free Win- 
dows Software. ZIF Socket and 
USB lead not included. Supply: 
16-18Vdc. 

Assembled Order Code: AS3150 - £49.95 
Assembled with ZIF socket Order Code: 
AS3150ZIF - £64.95 


usiew 


ATMEL 89xxxx Programmer 

‘ Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets not 
included. Supply: 16Vdc. 
Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual, Program- 
ming Hardware (with LED 
test section), Win 3.11—XP Programming 
Software (Program, Read, Verify & Erase), 
and irewritable PIC16F84A that you can use 
with different code (4 detailed examples pro- 
vided for you to learn from). PC parallel port. 
Kit Order Code: 3081KT - £16.95 

Assembled Order Code: AS3081 - £24.95 


PIC Programmer Board 
Low cost PIC program- 
mer board supporting 

a wide range of Micro- 
chip® PIC™ microcon- 
trollers. Requires PC 

serial port. Windows 
interface supplied. 

Kit Order Code: K8076KT - 


£39.95 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 01279 467799 
Fax: 01279 267799 
E-mail: sales@quasarelectronics.com 


Web: www.quasarelectronics.com 


01279 


All prices INCLUDE 20.0% VAT. 


Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day [vasa | | = 
Sao 


Delivery - £4.95; UK Mainland Next Day Delivery - £11.95; Europe (EU) - 
£12.95; Rest of World - £14.95 (up to 0.5Kg). 


!Order online for reduced price Postage (from just £1) 
Payment: We accept all major credit/debit cards. Make PO’s payable to 


Quasar Electronics. 


Credit Card 
Sales 


PIC Programmer & Experimenter Board 
The PIC Programmer & 
Experimenter Board with 
test buttons and LED indi- 
cators to carry out educa- 
tional experiments, such as 
the supplied programming examples. In- 
cludes a 16F627 Flash Microcontroller that 
can be reprogrammed up to 1000 times for 
experimenting at will. Software to compile 
and program your source code is included. 
Kit Order Code: K8048KT - £39.95 
Assembled Order Code: VM111 - £59.95 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code PSU303 £9.95 


USB Experiment Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 
analogue inputs and 
two analogue outputs 
with 8 bit resolution. 
Kit Order Code: K8055KT - £39.95 
Assembled Order Code: VM110 - £64.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 Tx’s can 
be learnt by one Rx (kit in- 
cludes one Tx but more avail- eS 

able separately). 4 indicator LED ’s. Rx: PCB 
77x85mm, 12Vdc/6mA (standby). Two & Ten 
Channel versions also available. 

Kit Order Code: 3180KT - £54.95 
Assembled Order Code: AS3180 - £64.95 


Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 

—_ 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 

Kit Order Code: 3145KT - £24.95 

Assembled Order Code: AS3145 - £31.95 

Additional DS1820 Sensors - £4.95 each 


Remote Control Via GSM Mobile Phone 
Place next to a mobile phone (not , 
included). Allows toggle or auto- 

timer control of 3A mains rated 

output relay from any location 

with GSM coverage. 

Kit Order Code: MK160KT - £14.95 


Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix) 


Please visit our online shop now for full details of over 500 electri 
projects, modules and publications. Discounts for bulk quantities. 


467799 
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4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any & 
of the 4 relays as de- 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 

channel relay board. 5A 

mains rated relay outputs 

and 4 opto-isolated digital 

inputs (for monitoring 

switch states, etc). Useful 

in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 


Infrared RC 12—Channel Relay Board 


a 


Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 

Assembled Order Code: AS3142 - £74.95 


Audio DTMF Decoder and Display 
Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed on a 

16 character display as they are received and 

up to 32 numbers can be displayed by scroll- 

ing the display. All data written to the LCD is 

also sent to a serial output for connection to a 

computer. Supply: 9-12V DC (Order Code 

PSU303). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


3x5Amp RGB LED Gontrolisr with! RS232 
3 independent high power y 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 3191KT - £27.95 

Assembled Order Code: AS3191 - £37.95 


Here are a few of the most recent products 


added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 
4 channel computer 
serial port temperature 
monitor and relay con- 
troller with four inputs 4 
for Dallas DS18S20 or 

DS18B20 digital ther- 

mometer sensors (£3.95 each). Four 5A 
rated relay channels provide output control. 
Relays are independent of sensor channels, 
allowing flexibility to setup the linkage in any 
way you choose. Commands for reading 
temperature and relay control sent via the 
RS232 interface using simple text strings. 
Control using a simple terminal / comms 
program (Windows HyperTerminal) or our 
free Windows application software. 

Kit Order Code: 3190KT - £84.95 

Assembled Order Code: AS3190 - £99.95 


40 Second Message Recorder 
Feature packed non-volatile 
40 second multi-message 
sound recorder module us- 
ing a high quality Winbond 
sound recorder IC. Stand- 
alone operation using just six onboard but- 
tons or use onboard SPI interface. Record 
using built-in microphone or external line 
in. 8-24 Vdc operation. Just change one re- 
sistor for different recording duration/sound 
quality. sampling frequency 4-12 kHz. 

Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 
120 second version also available 


Bipolar Stepper Motor Chopper Driver 
Get better performance from 
your stepper motors with this 
dual full bridge motor driver 
based on SGS Thompson 
chips L297 & L298. Motor 
current for each phase set 
using on-board potentiometer. Rated to han- 
dle motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply voltage. 
Provides all basic motor controls including full 
or half stepping of bipolar steppers and direc- 
tion control. Allows multiple driver synchroni- 
sation. Perfect for desktop CNC applications. 
Kit Order Code: 3187KT - £39.95 

Assembled Order Code: AS3187 - £49.95 


Video Signal Cleaner 
Digitally cleans the video 
signal and removes un- 
wanted distortion in video . 
signal. In addition it stabilises 
picture quality and luminance fluctuations. 
You will also benefit from improved picture 
quality on LCD monitors or projectors. 

Kit Order Code: K8036KT - £32.95 
Assembled Order Code: VM106 - £49.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 
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Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 
almost any common 
DC motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 

Assembled Order Code: AS3067 - £27.95 


Computer Controlled / Standalone Unipo- 
lar Stepper Motor Driver 
Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £16.95 
Assembled Order Code: AS3179 - £23.95 


Computer Controlled Bi-Polar — 
Motor Driver 

Drive any 5-50Vdc,5Amp_ 
bi-polar stepper motor using ff 
externally supplied 5V lev- § 
els for STEP and DIREC- 
TION control. Opto-isolated 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


Bidirectional DC Motor Speed Controller 
Control the speed of 
most common DC 
motors (rated up to 
32Vdc/10A) in both 
the forward and re- 
verse direction. The 
range of control is from fully OFF to fully ON 
in both directions. The direction and speed 
are controlled using a single potentiometer. 
Screw terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 
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AC Motor Speed Controller (600W) 
Reliable and simple to 

install project that allows 

you to adjust the speed of 

an electric drill or 230V AC 

single phase induction 

motor rated up to 600 

Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suit- 
able for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 
Assembled Order Code: AS1074 - £23.95 


See www.quasarelectronics.com for lots 
more motor controllers 
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QUASAR 


electronics 


The Electronic Kit Specialists Since 1993 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


500-in-1 Electronic Project Lab 
Top of the range. Com- 
plete self-contained elec- 
tronics course. Takes you 
from beginner to ‘A’ Level 
standard and beyond! 
Contains all the hardware 
and manuals to assemble 
500 projects. You get 3 
comprehensive course 
books (total 368 pages) - Hardware Entry 
Course, Hardware Advanced Course and a 
microprocessor based Software Program- 
ming Course. Each book has individual circuit 
explanations, schematic and connection dia- 
grams. Suitable for age 12+. 

Order Code EPL500 - £199.95 

Also available: 30-in-1 £19.95, 50-in-1 
£29.95, 75-in-1 £39.95 £130-in-1 £49.95 & 
300-in-1 £89.95 (see website for details) 


Tools & Test Equipment 


We stock an extensive range of soldering 


tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Advanced Personal Scope 2 x 240MS/s 
Features 2 input chan- 
nels - high contrast LCD 
with white backlight - full 
auto set-up for volt/div 
and time/div - recorder = 
roll mode, up to 170h per , 
screen - trigger mode: 

run - normal - once - roll ... - adjustable trig- 
ger level and slope and much more. 

Order Code: APS230 - £499-95 £399.95 


Personal Scope 10MS/s 

The Personal Scope is not a 
graphical multimeter but a com- 
plete portable oscilloscope at the 
size and the cost of a good mul- 
timeter. Its high sensitivity - down 
to 0.1mV/div - and extended 
scope functions make this unit 
ideal for hobby, service, automo- 
tive and development purposes. Because of 
its exceptional value for money, the Personal 
Scope is well suited for educational use. 
Order Code: HPS10 - £18985 £159.95 


See website for more super deals! 


‘iv ~www.quasarelectronics.com 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 


NY 
ve 


al Audio Delay 


KC-5506 £36.25 plus postage & packing 
Corrects sound and picture synchronization (‘lip 
sync’) between your modern TV and home theatre 
system. Features an adjustable delay from 20 to 
1500ms in 10ms steps, and handles Dolby Digital 
AC, DTS and linear PCM audio with sampling rate 
of up to 48kHz. Connections include digital S/PDIF 
and optical Toslink connections, and digital 
processing means there is no audio degradation. Kit 
includes PCB with overlay and pre- 
soldered SMD IC, enclosure with 
machined panels, and 
electronic components. 


¢ 9-12VDC power 
supply required 
Universal IR remote 
required - use AR-1729 £8.75 
e PCB: 103(L) x 118(W)mm 


Featured in EPE April 2012 
XX 


Switching Regulator Kit 


KC-5508 £14.50 plus postage & packing 
Outputs 1.2 to 20V from a higher voltage DC supply 
at currents up to 1.5A. It is small, efficient and with 
many features including a very low drop-out voltage, 
little heat generation, electronic shutdown, 
soft start, thermal, 
overload and short circuit 
protection. Kit supplied 
with PCB, pre-soldered 
surface mounted 
components and PCB 
mount components. 


¢ PCB: 49.5(L) x 34(W)mm 
| Featured in EPE April 2012 


Voltage Monitor Kit 


KC-5424 £8.50 plus postage & packing 
This versatile kit will allow you to monitor the 
battery voltage, the airflow meter or oxygen sensor 
in your car. The kit features 10 LEDs that illuminate 
in response to the measured voltage, preset 9-16V, 
0.-5V or 0-1V ranges, complete with a fast response 
time, high input impedance and auto dimming for 
night time driving. Kit includes PCB with 

overlay, LED bar graph and my 

all electronic . 
components. 


© PCB: 74(L) x 
47(W)mm 

¢ 12VDC 

e Recommended box: 
UB5 use HB-6015 £1.25 


Featured in EPE February 2012 
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G-Force Meter K 


KC-5504 £18.25 plus postage & packing 
Measure the g-forces on your vehicle and it's 
occupants during your next lap around the race 
circuit, or use this kit to encourage smoother driving 
to save petrol and reduce wear & tear. Forces 

(+/- 2g) are displayed on the 4-digit LED display. Also 
use it to measure g-forces on a boat crashing 
over waves or on a theme park thrill 
ride. Kit includes PCB with pre- 
mounted SMD component, 
pre-programmed 
microcontroller and all onboard 
electronic components. 


e Requires 2 x AA 
batteries 

© PCB: 100(L) x 44(VWW)mm 

Featured in EPE March 2012 


Note: We supply the PCB with the 
SMD component already mounted on the board to 


save time and frustration. 
\ / 


Class-T Digital Audio Amplifier Module 


AA-0228 £11.00 plus postage & packing 


Ideal for any audio enthusiast that enjoys building 
and modifying speaker systems. The 


PCB is tiny which allows you to 
incorporate it into a 
wide variety of 
speaker 
systems. 


e Regulated 12VDC 
2000mA 

e Size: 68(L) x 32(\W)mm 

x —_f 


Minimaximite Controller Kit 


KC-5505 £18.25 plus postage & packing 
A versatile and intelligent controller to interface with 
your creations, such as home automation. Features 
20 configurable digital/analog I/O ports, 128K RAM 
and 256KB flash memory to hold your program and 
data. Design and test in MMBasic over a USB link 
from your PC, then disconnect the PC and the 
programs continue to operate. Alternatively, hard 
wire a PC monitor, keyboard, SD card reader and 
amplified speaker to work independent of a PC. 


e Requires 2.3 - 3.6VDC (2 x AA or 
use plugpack MP-3310 £7.00) 

e Kit supplied with PCB, pre- 
programmed and pre-soldered 
micro, and electronic [e 
components 

© PCB: 78(L) x 38(WW)mm 


Gag in EPE March 2012 


Solar Powered Shed Alarm Ki 


KC-5494 £11.00 plus postage & packing 


© Supply voltage: 12VDC 


Featured in EPE March 2012 


Not just for sheds, but for a location where you want to keep undesirables out 
but don't have access to mains power e.g a boat on a mooring. It has 3 inputs so LO rel 
you can add extra sensors as required, plus all the normal entry/exit delay etc. . 

Short form kit only - add your own solar panel, SLA battery, sensors and siren. 


© Current: 3mA during exit delay; 500pA with PIR connected 
e Alarm period: approximately 25 seconds to 2.5 minutes adjustable 
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Everyday Practical Electronics 


FEATURED KITS 


Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon Chip Magazine 
Australia. These projects are ‘bullet proof’ and already tested Down Under. All Jaycar kits are supplied with specified board 
components, quality fibreglass tinned PCBs and have clear English instructions. Watch this space for future featured kits. 


May 2012 


Second Voice Recorder Module 


KC-5454 £12.75 plus postage & packing 
Will record two, four or eight different messages for 
random-access playback or a single message for 
"tape mode" playback. It also provides cleaner and 
glitch-free line-level audio output suitable for 
feeding an amplifier or PA system. It can be 
powered from any source of 9 - 12VDC. 

© PCB: 120(L) x 58(W)mm ¢ all 
¢ Supplied with silk 
screened and solder 
masked PCB and all 
electronic components © 


Featured in EPE February 2011 
XQ 


High Performance 12V Stereo Amplifier 


KC-5495 £16.50 plus postage & packing 
An ideal project for anyone wanting a compact and 
portable stereo amp where 12V power is available. 
No mains voltages, so it's safe as a 

schoolie's project or as a 
beginner's first amp. 
Performance is excellent 
with 2OWRMS per 
channel at 14.4V into 

4 ohms and THD of 

less than 0.03%. 
Shortform kit only. 


e PCB Dimensions: 95(L) x 78(W)mm 
¢ 12VDC 
¢ Recommended heatsink Cat No. HH-8570 £2.25 


Featured in EPE next month! 
KN 


Ultrasonic Antifouling for Boats 


KC-5498 £90.50 plus postage & packing 
Marine growth 
electronic 
antifouling § 
systems 
can cost 
thousands. 
This project 
uses the 
same 
ultrasonic 
waveforms 
and virtually 
identical ultrasonic 
transducers mounted in 
a sturdy polyurethane 

housings. By building 

it yourself (which includes 

some potting) you save a fortune! Standard unit 
consists of control electronic kit and case, ultrasonic 
transducer, potting and gluing components and 
housings. The single transducer design 

of this kit is suitable for boats up to 10m (32ft); boats 
longer than about 14m will need two transducers and 
drivers. Basically all parts supplied in the project kit 
including wiring. (Price includes epoxies). 
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© 12VDC 

¢ Suitable for power or sail 
© Could be powered by a solar panel/wind generator 
© PCB: 104(L) x 78(\W)mm 


Featured in EPE March 2012 


Now available Pre-built: 

Dual output, suitable for vessels up to 14m (45ft) 
YS-5600 £309.25 

Quad output, suitable for vessels up to 20m (65ft) 
YS-5602 £412.25 


0800 O3e 7e4i 


| gyucar Freecall order: 


Arduino - Simple to Advanced Projects 


ARDUINO DEVELOPMENT ™ 


Arduino is an open-source electronics prototyping platform based on flexible, easy-to-use hardware and software. It can be used to develop interactive objects, taking 
inputs from a variety of switches or sensors, and controlling a variety of lights, motors, and other physical outputs (includes Jaycar stepper motors). Arduino projects 
can be stand-alone, or they can be communicated with software running on your computer. These Arduino development kits are 100% Arduino compatible. Designed 
in Australia and supported with tutorials, guides, a forum and more at www.freetronics.com. A very active worldwide community and resources are available with 
many projects, ideas and programs available to freely use. 


“Eleven” Arduino-compatible development board USBDroid, Arduino-compatible with USB-host support 
XC-4210 £14.50 plus postage & packing XC-4222 £25.50 plus postage & packing 

An incredibly versatile programmable board for creating projects. Easily This special Arduino-compatible board supports the Android Open Accessory 
programmed using the free Arduino IDE development environment, and can be Development Kit, which is Google's official platform for designing Android 
connected into your project using a variety of analog and digital inputs and accessories. Plugs straight into your Android device and communicates with 


outputs. Accepts expansion shields and can be interfaced with our 
wide range of sensor, actuator, light, and sound modules. 


e ATmega328P MCU running at 16MHz 
© 14 digital I/O lines (6 with PWM support) 
© 8 analog inputs 


EtherMega, Mega sized Arduino compatible 
with Ethernet 


XC-4256 £43.25 plus postage & packing RE yy, EtherTen, Arduino-compatible with Ethernet 


The ultimate network-connected Arduino-compatible board: combining ry .) 2 . 
an ATmega2560 MCU, onboard Ethernet, a USB-serial converter, a r XC 4216 £25.50 plus postage & packing 
S i This Arduino-compatible development board includes 


microSD card slot for storing gigabytes of web server content or data, : : 

Power-over-Ethernet support, and even an onboard switchmode onboard Ethernet, a USB-serial converter, a microSD 
voltage regulator so it can run on up to 28VDC without overheating. card slot for storing gigabytes of web server content 
or data, and even Power-over-Ethernet support. 


e ATmega328P MCU running at 16MHz 

* 10/100base-T Ethernet built in 

e Used as a web server, remote monitoring and 
control, home automation projects 

© 14 digital I/O lines (6 with PWM support) 

© 8 analog inputs 


it via USB. Includes a built-in phone charger. 


e ATmega328P MCU running at 16MHz 

e USB host controller chip 

¢ Phone charging circuit built in 

© 14 digital I/O lines (6 with PWM support) 
© 8 analog inputs 

* MicroSD memory card slot 


e ATmega2560 MCU running at 16MHz, large Flash memory 
* 10/100base-T Ethernet built in 
e 54 digital I/O lines 

© 16 analog inputs 

¢ MicroSD memory card slot 

© Prototyping area 

© Switchmode power supply 


y 
Getting Started with Arduino ProtoShield Basic ProtoShield Short 


BM-7130 £7.25 plus postage & packing XC-4214 £1.75 plus postage & packing XC-4248 £2.00 plus postage & packing 


This book explains what Arduino is, A prototyping shield for the Eleven (XC-4210) and A dedicated short version 
how it works and what you can do 


with it. It also includes a project to 


USBDroid (XC-4222) both featured above. Provides prototyping shield for EtherTen 
: " . plenty of space to add parts to and EtherMega. This special 
build, complete with how to write suit any project, keeping prototyping shield is designed 
the code to make it work. — everything neat and self- to fit neatly behind the RJ45 
* Softcover, 118 pages. gases . ‘ contained. Includes dedicated Ethernet jack, allowing you to 
216 x 140mm Boor <— space to fit a power LED and stack your Ethernet-based 
Mq ~ supply decoupling capacitor. projects right on top with 


\ . [+ Gate plated surface standard headers. 


Pads available to fit a reset button 
© Gold-plated surface for maximum durability 
Large Dot Matrix Display Panel 
XC-4250 £14.50 plus postage & packing Receiver Shield 433MHz 


A huge dot matrix - 
Visit our website for our full LED panel to XC-4220 £11.00 plus postage & packing 
range and more details This receiver shield lets you intercept 433MHz 


ils. 0 connect to Eleven, 
! OOK/ASK signals, decoding them in software on 
Output Module XC-4244 £2.75 matrix panel has on- 
Shift Register Expansion circuitry designed to 


Arduino Modules 


We have a huge range of simple to 
advanced add-ons that provide 
input for your Arduino projects 


out to solder pads, and GND and 5V rails are 


EtherTen and more! 
N-MOSFET Driver & This bright 512 LED your Arduino. All the Arduino headers are broken 
Logic Level Converter Module XC-4238 £2.75 board controller provided for convenience. 


¢ Reset button 


Module XC-4240 £2.75 make it easy to use straight from your board. * Blue “power” LED 
Light Sensor Module ——_xC-4228 £2.75 |_| Clock, statue dls, raphe readouts anda’ | «pad and gree 
Sound & Buzzer XC-4232 £3.75 ‘th thie i , user-defined LEDs 
create with this display's features. © Gold-plated surf 
Microphone Sound old-plated surface 


Input Module XC-4236 £3.75 e 32(L) x 16(W)mm high brightness Red LEDs e 433MHz tuned frequency 


Hall Effect Magnetic & oa 
Proximity Sensor Module XC-4242 £3.75 


eVi bl 12 t H 
Full Colour RGB LED Module xC-4234 £3.75 | | stough plastic frame LCD & Keypad Shield 


Temperature Sensor Module XC-4230 £6.25 * Controller IC’s on board, simple clocked oe iy, XC-4218 £11.00 plus postage & packing 

3-Axis Accelerometer Module XC-4226 £7.25 data interface Sampo Handy 16-character by 2-line display ready to plug 

Humidity & Temperature * Arduino compatible library, graphics straight in to your Arduino, with a software- 

Sensor Module XC-4246 £7.25 functions and example support 7: controllable backlight and 5 buttons for user input. 
TS) “ae*” _) | The display is set behind 


the shield for a low 


Post & Packing Charges HOW TO ORDER profile appearance and it 


includes panel mounting 


Order Value Cost) We ship via DAL WEB: www.jaycarelectronics.co.uk screw holes in the 
£10 = £49.99 £5 / Expect 5-10 days PHONE: 0800 032 7241" pone 
ean : a = for air parcel delivery FAX: +61 2 8832 3118" * 2 rows of 16 characters 

: V Track & Trace parcel EMAIL: techstore@jaycarelectronics.co.uk * Supported by a driver library 
£200 - £499.99 £30 . ¢ Software-controlled backlight 
£500+ £40 Note: Products are POST: P.0. Box 107, Rydalmere NSW 2116 Australia eihescebuton 
M, ight 550lb despatched from “Australian Eastern Standard Time °Di ; 85(W) x 54(H) x 12(D)m 
ar POA hinvalle so local customs (Monday - Friday 09.00 to 17.30 GMT + 10 hours) Lamm including oo iD) 
WinIMUMAROT EEO duty & taxes may apply. All prices in Pounds Sterling. Prices valid until 31/05/2012 


‘ J 
Order online: www.jaycarelectronics.co.uk aqyCa - 


Digital Echo Chamber Kit 

A compact sound effects kit, with 
uilt-in mic or line in, line out or 

pepe’ (500mW). 4 Adjustment con- 


poner 9Vdc 150mA 
MK182 polesae kit £1 
zs 


3rd Brake Light Flasher Kit 
Works with ay incandescent or LED 
rear centre brake light. Flashes at 
7Hz for 5 or 10 times, adjustable re- 
figgering. 

Power: 12Vde max load 4A 


—————— 78 Vellemankit £6.30 


is weit Software and more. 
F wirw .ottibetek 


Now Available - Cebek Modul 
oa medules ostben bieel & fesiote 


Digital Record/Player 

Non volatile flas enor , Single 20 
sec recording via integral mic, 
output to 8Q'speaker. 

Power: 5Vdc 100mA 


S\ 


¢-9701 Cebek Module £7.89 


a 


Multifunction Up/Down Counter 
An up or down counter vat one 
button or ext input. Time d Gal yee 
ute Alarm count output. 0-9999 dis- 


ae 9-12Vde 150mA 


K8035 Vellemankit £17.85 


2 Digital Counter 

Standard counter, 0 to 99 from 

iy pulses or egeall signal. 
ith reset in a 13.5mm Displays, 

Power: 12Vdc 90mA. 


we 


CD-9 Cebek Module £12.99 


usa jital Clock Mini Kit 

Red 7 Segment gisploying in tures 
enclosure, automatic time base selec- 
tion, battery back-up, 12 or 24Hr 
modes. 

Power: 9Vac or de 


4 


Nixie Clock Kit 
‘as filled nixie tubes with Mies dis- 
pineive orange glow. HH dis- 
pl! jay, automatic power sync MO oH * 
ower: 9-12Vac 300mA 
\K8099 Vellemankit £64.96 


1.8W Mono Amplifier 
Compact mono 1.8W RMS 4Q 
power stage, short circuit & re- 
verse polarity Deion: 30- 
T8kHz> Power: 4-14Vde 150mA 


E-1Cebek Module £5.87 


MK151 Velleman kit £15. 09 

Proximity ‘card Reader Kit 
A simple security kit with many appli- 
cations. RFID technology activates a 
relay, cally on/off or timed, Supplied 


with nS cards, can be used with up to 25 
cards. Power: 9Vac or 


MK179 Vellemankit £14.25 =4 


S 


bh 


Mini USB Interface Board 
New from Velleman this little inter- 
face module with 15 inputs/outputs 
inc digital & analogue in, 

outputs. USB Powered 50mA, Soft- 
ware supplied 


VM167 Module 


Re £26.80 / 


20W 2 Channel Amplifier 

pene enplitier sp A Resumes (Low & 
Hien ligeicts dhe) S$ 40 per chan- 

nel, adjustab Ra eS 22-22kHz, 

short circuit & reverse polarity protection. 

Power: 8-18Vde 2A 

E-14 Cebek Module £22.11 


Powered by two ROGeIniture mo- 
tors, this robot will run towards 
any ‘light source. Novel shape PC! 
with LED eyes. 

Power: 2 x YRAA Batteries 
MK127 Velleman kit £9.0: 


Thermostat Mini Kit 

General pu pecs low cost thermastal 
kit. +5 to +30°C Easily modified tem- 
perature range/min/max/hysteresis 
Bower: 12Vde 100mA 
_/ \MK138 Velleman Kit £4.55 


5W Stereo Amplifier 

Stereo power stage with 5W RMS 
4Q, 30-18kHz, short circuit & re- 
verse polarity’ rotection. 

Power: 6-15Vdc 500mA 


ES-2 Cebek Module £21.54 


200W Power Amplifier 

A high quality audio Bower amp 
Ow music power @ 40 ae | 

Available as a kit ‘thou heatsink 

or ole including heatsink. 

K8060 Velleman kit - 12.85 


Hoatesa 95 
£38.84 4 


<e 


Velleman Function Generator 
PC Based USB controlled function 
enerator. 0.01Hz to 2Mhz Pre- 
efined & waveform editor. Software 
fupplied. See web site for full feature 
Ist. 


PCGU 1000 Velleman £118.38 


12Vdc Power Su; oppo >) 
Single rail regulated power supp! 
complete with transformer. 13! at 
moxn low ripple, 12Vdc with adjust- 
meni 


a 


FE-103 Cebek Module £13.16 


MP3 Player Kit 

Plays MP3 files from an SD ican 

eyBbots ID3 tag which ell be dis- 

plays on optional LCD. Line & 
eadphone output. aus Geulizel 

add-on. Power: 12Vdc 10 


K8095 Velleman kit £39.99 


lor 
VM100 Module 


.\ (Velleman PC Scope 

PC Based USB controlled 2 channel 
60Mhz oscilloscope with spectrum 
analyser & Transient recorder. 2 
Scope probes & software included. 
See web site for full feature list. 


PCSU1000 Velleman £249.00 


‘a 


1-180 Second Timer 
Universal timer with relay output, 
Time start upon power up or push 
button. LED indication. 5A Relay 
Power: 12Vdc 60mA 


I-1 Cebek Module £12.92 


DC to Pulse width Modulator 

A handy kit to accurately control x 

motors etc. Overload & short circuit 

Bi protection. In pot wollege 2.5-35Vdc, 
ax OU 


Power: Pa5y Bede" 
K8004 Velleman kit £9.95) \_ 


Velleman PC Scope/Generator 
PC Based USB controlled 2 channel 
osc oscope AND Function genera- 

r. Software included. See web site 
for ea feature list. 


il 


PCSGU250 Velleman £11 ee 


Cyclic Timer 

Universal timer with relay output 
Time start u en powell up or 
button. On f times 0.3-6 Sect 
onds, LED reer fume 5A Relay 
Power: 12Vdc 80mA 


1-10 Cebek Module £14.12 / 


Audio Analyser Kit 

A small spectrum analyser eth LCD, 

Suitable for use on 2, 4 or 8Q sys- 

tems. 300mW to 1200W(20) 20- 

20kHz Panel mounting, back-lit dis- 

play. Power: 12Vdc 7! mA 
\K8098 Velleman kit £31.65 


(RF Remote Control Transmitter 

Single channel RF keyfob transmitter 

with over 13,122 combinations. Certi- 

fied radio frequency 433.92MHz. 

Power: 12Vdc 2mA (inc) For use with 
L-1,2,3,4 receivers. 


TL-5 Cebek Module 


> 


£14.64 


(Light Detector 

Adjustable light sensor operating 
a relay. Remote sensor & termi- 
nals for remote adjustment pot. 
SA Rela 

Bower: 12Vde 60mA 


1-4 Cebek Module 


4 
g 


£13.98 


USB DMX Interface 

512 DMX Channels controlled by Re 
via USB. Software & case included. 
Available as a kit or ready assem- 
bled module. 


K8062 Velleman kit 267-20 
VM116 Module £67.15 


usae 


= 


RF Remote Control Receiver a 
Single channel RF receiver with relay 
output. Auto or manual code setup. 
Momentary output, 3A relay 

Power: 12Vdc 60mA For use with TL-5 
or TL-6 transmitters. 


TL-1 Cebek Module £28.25 


Liquid Level Detector a 
A liquid level operated relay. Re- 
mote sensor operates relay when 
in contact with a liquids 5A Relay 
Power: 12Vdc 60m. 


1-6 Cebek Module £13.08 


> 


USB Interface Board usse 


essa 5 in, 8 digital outputs, 2 in 
& 2ana ogu e outputs. Sopp plied with 
potty wells as a kit or ready, 
assembled module. 


K8055 Velleman kit £24.80 
VM110 Module £34.90 


Keypad Access Control 

An electronic lock with up to ten 4 

diac codes. Momentary or timed (1- 
60ec/1-60min) output. Relay 5A 

Nien 12Vdc 100mA Keypad includ- 


\DA-03 Cebek Module £54.26 Ly 


Thermostat 

A temerature controlled relay. Ad- 
justable between -10 to 60°C Sen- 
sor on remote PCB. Connector for 
external adjustment pot. 5A Relay 
Power: 12Vdc 60mA 


1-8 Cebek Module £12.80 


8 Channel USB Relay Board 

ae Controlled 16A belay with tog: 

gl e, momentary or timed action. Test 
uttons included, available in a kit 

or assembled. 


K8090 Velleman kit £39.95 
VM8090 Module £58.40 / 


AC Motor Controller 
A 230Vac 375W motor speed con- 
trol unit giving 33 to 98% of full 


ower. 
Bowers 230Vac 


R-8 Cebek Module £12.14 


Start / Stop Relay 

Simple_push button Shirl ofa 
relay. Either 1 or 2 button opera- 
tion SA Rela 

Power: 12Vdc 60mA 


1-9Cebek Module = £12.83 / 


(Components)[Hardware} 


Gcltering | (Gufthes) (Gech getter) [Transformers|i{Motors} 


PCBlEquipment|connectors) 


* 


| Peer SupGiss| |Gadiesunas) Relays | 


0191 2514363 
; 0191 2522296 
les@esr.co.uk 


Station Road § GD 
Cullercoats 
Tyne & Wear 
NE3O 4PQ 


Prices Exclude Vat @20%. 

UK Carriage £2.50 (less than 1kg) 
£6.50 greater than 1kg or >£30 
Cheques / Postal orders payable to 
ESR Electronic Components Ltd. 
PLEASE ADD CARRIAGE & VAT TO ALL ORDERS 
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READERS’ TECHNICAL ENQUIRIES 

Email: techdept@ wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 
We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 
Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 
The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 
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Raspberry Pi 


It’s not easy to beat the 24-7 BBC news machine to a story in a monthly 
print magazine, but it was nice to see we did just that with our Raspberry 
Pi coverage back in the March issue. This cheap, but powerful computer 
is now on sale, and demand is so high that sales are currently restricted to 
one device per customer. As soon as demand eases a little, suppliers say 
they will ship multiple Pi computers to anyone requesting more. 


Assuming Pi is the British engineering success story we all hope it will 
be, we would like to devise some projects around it and would welcome 
ideas from you, our readers. Top of our current list of projects is a follow 
up to the popular WIB server project we ran from December last year — a 
Pi-based server sounds exciting. Remember, Pi comes with built-in USB, 
LAN, audio/video outputs and an SD card slot, so there’s plenty of scope 
for sophisticated, flexible designs. What would you like to see Pi used for? 


Jump Start launch 


This issue sees an expanded EPE launching Jump Start, our series 
dedicated to newcomers to electronics. If you are a seasoned ‘old hand’ at 
using silicon, why not help a friend, son or daughter get into electronics 
with this project series? You'll have fun and help to spread the word that 
there is more to hobby-related electronics than shooting on-screen aliens 
or updating a Facebook profile! 


EHT probe 


We have received a few queries about last month’s extra high tension 
(voltage) probe. Unfortunately, they arrived too late to be included in 
this month’s EPE, but we will include a couple next month. However, 
the questions mostly boil down to ‘is it safe?’, and I’d like to take this 
opportunity to make a few comments. First, yes the probe is safe — but, 
and it’s an important ‘but’, only if built and used properly. Second, it is 
vital that constructors follow the instructions in the article. This is not 
the kind of projects where you can cut corners or use cheap resistors — 
the more expensive, higher rated ones were chosen for good safety and 
functionality reasons. 


Last, but not least, this is NOT a beginner’s project. If you are new 

to electronics, steer well clear of mains electricity and always avoid 
especially very high voltages. You need experience to tackle dangerous 
voltages, and the best way to get this is through training or the advice and 
guidance of a colleague/friend whose opinion you have good reason to 


trust. 
) 


anna 


A roundup of the latest Everyday 
News from the world of 
electronics 


Time for DRM, or has it missed the boat? by Barry Fox 


or the last ten years, Digital Radio 
Mondiale (DRM) has been just 
around the corner. DRM is a European 
system for broadcasting decent- 
quality digital radio on existing short 


wave, AM and FM frequencies. It’s 
technically clever, but I have several 
times got egg on face by reporting that 
DRM receivers are finally ready for 
sale, when it turned out they weren’t. 
The false promises flow mainly from 
the stream of upbeat news releases 
that gush from the DRM Consortium, 
currently with an office inside the 
BBC’s Bush House and enthusing 
that ‘New year 2012 couldn’t have 
had a better start.’ 

The DRM people can regularly be 
seen at industry shows, display- 
ing DRM receivers and promoting 
news like ‘the ITU’s endorsement of 
DRM+’, ‘the first multi-standard pro- 
cessor for car radios which includes 
DRM has just been launched’ and 
‘DRM+ has been tested in Rome by 
Vatican Radio.’ 

‘Big events are lined up in New 
Delhi, Kuala Lumpur, Geneva and 
Las Vegas’ says DRM, ‘not to men- 
tion the DRM General Assembly to 
be held in the UK in March.’ 

DRM is sound technology, but 
no one has yet broken the chicken 
and egg circle. Without broadcasts, 
manufacturers won’t make receiv- 
ers comparable to the sub-£100 DAB 
boxes from Pure that kick-started 
DAB in the UK. 


Both the BBC and RTL Radio Lux- 
embourg have variously promised 
big push DRM services, but they 
never quite happen. Now faith is 
pinned on Radio Vatican. 

In 2004, DRM announced that 
‘a new DRM receiver will be of- 
ficially introduced at IBC this 
coming weekend.’, see: www. 
codingtechnologies.com/news/as- 
sets/2004/20040901_drmusbrec_ 
eng.pdf 

In 2005, DRM promised receiv- 
ers ‘to be showcased at the DRM 
Stand at Le Radio! this year’. These 
included ‘AYAH’s DRM 2010 tre- 
ceiver, a second generation receiver 
(which) is a joint development by 
Coding Technologies, BBC R&D, and 
DRM Supporters MAYAH and AFG 
Engineering GmbH. DRM member, 
the BBC will display DRM trans- 
missions from the UK to France on 
short-wave, including an audio- 
on-demand service. The BBC will 
also demonstrate a data service that 
connects to the DRM 2010 via USB. 
TDF will demonstrate live, local me- 
dium-wave transmissions, and will 
showcase a software receiver. 

‘The Digital World Traveller from 
DRM member Coding Technologies’ 
was also promised for 2005. It was ‘a 
small, USB device that connects to a 
PC or a laptop without needing any 
additional power supply or battery. It 
comes with the Digital World Travel- 
ler Radio Software, and can receive 
DRM, FM and AM programs’. 

And: ‘RadioScape will be launch- 
ing its new RS500 module for DRM 
and DAB at the Digital Radio Show 
at the Islington Business Centre, 
London on 1-2 June 2005.’ 

And so it has gone on, year after 
year. The DRM Consortium has 
never learned the basic lesson that 
crying wolf with false dawn prom- 


ises of non-existent receivers, and 
never an explanation or apology 
for the non-appearance, saps trade, 
press and consumer confidence. 

Recently, someone in the DRM Of- 
fice goofed by sending out a press 
release that included every recipi- 
ent’s email address. This sparked 
a free-for-all mix of Reply-All and 
Personal emails, both attacking and 
defending the project. 

One writer said he was so excited 
about a new $110 DRM receiver 
that he ‘has many on order so as to 
give friends.’ 

Several of us queried the source 
of these radios. An official spokes- 
woman for DRM evaded the question 
by asking ‘how many of your friends 
would like to buy these receivers?’ 

Finally, we squeezed out the facts. 
The radios will come from China, 
with ‘estimated’ availability in 


While DRM has many advantages, it may 
simply be leapfrogged by Internet radio,which 
unlike DRM is widely available and requires 
no new technology base 


April. And the $110 price is FOB 
China for a minimum of one thou- 
sand receivers. 

This could be a step in the right 
direction for DRM, but it’s not 
quite the commercial breakthrough 
which has been portrayed. 

And all the time, Internet radio 
is taking over from long distance 
broadcasting. 


Everyday Practical Electronics, May 2012 


World’s most energy-efficient processor 


fi RM in Cambridge, UK has 
ounced the ARM Cortex-M0+ 
processor, which it claims is the 
world’s most energy-efficient 
microprocessor. The Cortex-M0+ has 
been optimised to deliver ultra low- 
power, low-cost microcontrollers 
for intelligent sensors and smart 
control systems in a broad range 
of applications, including home 
appliances, white goods, medical 
monitoring, metering, lighting and 
power and motor control devices. 

The 32-bit Cortex-M0+ processor, 
is the latest addition to the ARM 
Cortex processor family; it con- 
sumes just 94A/MHz, around one 
third of the energy of any 8- or 16- 
bit processor available today, while 
delivering 32-bit performance. 

The aim of the processor is to 
enable the creation of smart, low- 
power, microcontrollers to provide 
efficient communication, manage- 
ment and maintenance across a 
multitude of wirelessly connected 
devices, a concept known as the 
‘Internet of Things’. 


This low power connectivity has 
the potential to enable a range of 
energy-saving applications from 
sensors that wirelessly analyse 
the performance and control of 
domestic or industrial buildings, 
to battery-operated body sensors 
wirelessly connected to health 
monitoring equipment. Current 
8-bit and 16-bit MCUs lack the in- 
telligence and functionality to de- 
liver these applications. 

‘The Internet of Things will change 
the world as we know it, improving 
energy efficiency, safety, and conve- 
nience,’ said Tom Halfhill, senior 
editor of Microprocessor Report. 
‘Ubiquitous network connectivity is 
useful for almost everything — from 
adaptive room lighting and online 
video gaming to smart sensors and 
motor control. But it requires ex- 
tremely low-cost, low-power pro- 
cessors that can still deliver good 
performance.’ ARM hopes that their 
new Cortex-M0+, which brings 32- 
bit horsepower to flyweight chips 
will answer this need. 


GPS jammers threaten positioning reliability 


As’ has revealed the use of 
illegal Global Positioning System 
(GPS) 
jammers are mostly used by people 


jammers in the UK. The 


driving vehicles fitted with tracking 
devices who wish to mask their 
location and/or journey details. 

The study was conducted over 
concerns that jammers — which are 
widely available online — could in- 
terfere with critical systems which 
rely on GPS. Roadside monitors 
were used to detect jammer use, 
which are typically small, relatively 
low power portable devices with a 
working range of 200 to 300m. 


Radio communication with a twist 


Ihe famous lagoon in Venice, 

Italy, where Galileo first publicly 
demonstrated his telescope has 
been the scene of another potential 
revolution in technology. Bo Thide 
of the Swedish Institute of Space 
Physics and a team of colleagues in 
Italy have shown experimentally that 
it is possible to use two beams of 
incoherent radio waves, transmitted 
on the same frequency but encoded 
in two different orbital angular 
momentum states, to simultaneously 
transmit two independent radio 
channels. According to their article 
in the New Journal of Physics, ‘this 
novel radio technique allows the 
implementation of, in principle, 
an infinite number of channels in 
a given, fixed bandwidth, without 
even using polarisation, multiport 
or dense coding techniques. The 
designers of the simple technique 
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hope it paves the 
way for innovative 
techniques in 
radio science 
and entirely new 
paradigms in radio 
communication 
protocols that 

“i might offer a 
Thides modified solution to the 
satellite dish problem of radio- 
band congestion.’ 

The team managed to give electro- 
magnetic waves a ‘twist’ by split- 
ting one side of a standard satellite 
dish with a radial cut and pulling 
the two edges apart to create a rough 
corkscrew transmitter — or ‘helicoi- 
dal parabolic antenna’, to give it its 
technical name . 

Thide and his colleagues are hop- 
ing to exploit their innovation with 
the communications industry. 


Small, smaller, smallest... 


Mi turisation has been one of the 
key enabling ideas of electronics 
— even in the pre-silicon era, reducing 
the size of vacuum tubes was an 
aim of designers to help create more 
powerful radio and radar technologies 
for planes in the Second World War. 

The search for smaller never stops; 
two recent announcements have em- 
phasised this trend. Scientists at the 
University of California, San Diego 
have used a novel cylinder design to 
produce the smallest-ever laser that 
works at the light wavelengths used 
in telecommunications. The laser’s 
all-important ‘cavity’ is just 100 bil- 
lionths of a metre in diameter. 

This is a ‘giant’ compared to the ul- 
timate in tiny transistors. A group of 
physicists, based at the University of 
New South Wales and Purdue Uni- 
versity, who are working in quantum 
computing, have built a working tran- 
sistor from a single phosphorus atom 
embedded in a silicon crystal. 
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How to dress ears in sterling silver stereo 


hie true, EPE is not normally that 
interested in jewellery, but we’ve 
made an exception for the products 
of Nicholas and Felice in Philomath, 
Oregon, US. If you, or someone you 
know, might fancy an electronics (or 
mathematics) themed set of earrings 
or a necklace pendant, then have 
a quick look at: www.etsy.com/ 
shop/nicholasandfelice?section_ 
id=5228075 

The inexpensive sterling — silver 
pieces have clearly been designed by 
a couple who know the difference be- 
tween a diode and a resistor — you can 
even have a ‘matched pair’ of npn/pnp 
transistors dangling from your ears for 
push-pull ornamentation. They might 
just make the perfect present for you 
or your silicon-obsessed significant 
other! 


editorial@wimborne.co.uk 


By NICHOLAS VINEN 


Amplifiers that run from 12V DC generally don’t put out much 
power, and they are usually not ‘hifi’ either. But this little stereo 
amplifier ticks the power and low distortion boxes. 

With a 14.4V supply, it will deliver 20W per channel into 4Q 
loads at clipping, while harmonic distortion at lower power 
levels is typically less than 0.03%. 


HIS IS an ideal project for anyone 
wanting a compact stereo ampli- 
fier that can run from a 12V battery. 
It could be just the ticket for buskers 
who want a small but gutsy amplifier, 
which will run from an SLA (sealed 
lead-acid) battery. Alternatively, it 
could be used anywhere that 12V DC is 
available —cars, recreational vehicles, 
or remote houses with 12V DC power. 
Since it runs from DC, it will be an 
ideal beginner’s or school project, with 


10 


no 230V AC power supply to worry 
about. You can run it from a 12V bat- 
tery or a DC plugpack. But while it 
may be compact and simple to build, 
there is no need to apologise for ‘just 
average’ performance. In listening tests 
from arange of compact discs, we were 
very impressed with the sound quality. 

The bottom line — this amp has a 
THD under typical conditions of just 
0.03% or less (see Performance fig- 
ures on page 63). Also, its idle power 


consumption is low — not much more 
than 1W. Therefore, if you don’t push it 
too hard, it will run cool and won’t drain 
the battery quickly. And because the IC 
has self-protection circuitry, it’s just about 
indestructible. It will self-limit or shut 
down if it overheats, and the outputs are 
deactivated if they are shorted. 


Obtaining enough power 


With a 12V supply, the largest volt- 
age swing a conventional solid-state 
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power amplifier can generate is +6V. 
This results in a meagre 4.5W RMS into 
4Q, and 2.25W RMS into 8Q, without 
even considering losses in the output 
transistors. Even if the DC supply is 
around 14.4V (the maximum that can 
normally be expected from a 12V car 
battery), that only brings the power 
figures up to 6.48W and 3.24W for 40 
and 8Q loads respectively — still not 
really enough. 

There are three common solutions to 
this problem. The first is to boost the 
supply voltage using a switchmode 
DC converter. This greatly increases 
the cost and complexity of the ampli- 
fier, but it is one way of getting a lot 
of power from a 12V supply. However, 
we wanted to keep this project simple 
and that rules out this technique. 

The second method is to lower the 
speaker impedance. Some car speak- 
ers have an impedance as low as 2Q, 
which allows twice as much power to 
be delivered at the same supply volt- 
age. However, we don’t want to restrict 
this amplifier to 2Q loudspeakers. 


Bridge mode 

The remaining solution is to use 
bridge mode, also known as bridge- 
tied load (BTL). It requires two amp- 
lifier circuits per channel. The TDA- 
7377 IC is ideal for this purpose — it 
contains four amplifiers in a single 
package and is intended for a bridged 
stereo configuration. 

In the TDA7377, two of the four 
amplifier circuits have inverting in- 
puts, so all we need to do is to feed 
the same signal to one of each type 
and the outputs will swing in opposite 
directions — when one voltage goes up, 
the other will go down, and vice versa. 

Instead of connecting the speakers 
between the amplifier output and 
ground, we connect them between the 
two outputs. This doubles the volt- 
age across the speaker and multiplies 
the maximum power delivered by 
four (P = V2/R). It also eliminates the 
AC-coupling capacitor at the output, 
which is needed with a standard single 
supply amplifier. 

Practically speaking, virtually any 
4Q or 8Q speaker is suitable for use 
with this amplifier; the more efficient, 
the better. Avoid anything less than 4Q, 
as that would be asking each amplifier 
circuit to drive a load under 2Q, which 
the IC is not rated for. 
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Constructional 


It may be small, but the High-Performance 12V Stereo Amplifier puts out up 
to 20W per channel into 40 loads at low distortion. It uses just two ICs and 


is very easy to assemble. 


Circuit description 
The full circuit diagram is shown 
in Fig.3. As can be seen, it’s based 
on the aforementioned TDA7377V 
monolithic stereo BTL amplifier (IC2) 
plus a TLO74 quad FET-input op amp 
package (IC1). The latter provides the 
tone control stages in both channels. 

As shown, the input signals are fed via 
4.7uF non-polarised (NP) capacitors to 
a 10kQ dual-gang potentiometer (VR1), 
which serves as the volume control. 
From there, the signals are AC-coupled 
via 470nF capacitors to op amps IC1a 
and IC1b. These act as unity-gain buffer 
stages to provide a low source imped- 
ance for the following Baxandall tone 
control stages based on IC1c and IC1d. 

In operation, IC1c and IC1d, and 
their associated potentiometers (VR2 
and VR3), provide bass and treble boost 
of +15dB, with a centre frequency of 
700Hz. The frequency response is very 
flat when the pots are centred (see 
Fig.11). 

To understand how the tone control 
stages work, let’s consider the bass and 


treble sections separately. We’ll con- 
centrate on the bass sections first, but 
will initially ignore the 10nF capaci- 
tors. This leaves us with an inverting 
amplifier (IC1c or IC1d), where the 
resistors (including the pots) form the 
feedback network and thus control the 
gain. With the bass pot (VR2) turned 
all the way clockwise, the gain is set 
at 122kQ/22kQ, or about 5.5. If it is 
turned in the opposite direction, the 
gain is 22kQ/122kQ, or 0.18. 

Adding the 10nF capacitors across 
VR2a and VR2b adds a low-pass filter 
to each gain network, so that turning 
the knob affects low frequencies more 
than high frequencies. As a result, we 
can adjust the gain of the bass and 
hence achieve bass boost/cut. 

The treble section (VR3a and VR3b) 
works similarly, except that the capaci- 
tors (4.7nF in this case) are in series 
with the resistors, thus forming a high- 
pass filter instead. 

The 10pF capacitors on the invert- 
ing inputs of IC1c and IC1d reduce 
their gain at high frequencies, thereby 
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Constructional Project 


THD+N % vs Power, 40, 14.4V 
5 


THD+N % vs Power, 8Q, 14.4V 
5 Sata ciara a 
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Fig.1: THD+N vs output power at 4 (one channel driven 
only). The supply is 14.4V and the measurement band- 
width is 20Hz to 22kHz. The distortion increase below 1W 


is due to noise. 


preventing oscillation in case there 
is RF pick-up in the filter network. 
Similarly, the 10Q resistors at the 
outputs of IC1c and IC1d attenuate 
any RF signals which may make it 
through before they go into the power 
amplifier (IC2). 


Power amplifier 

Only a few external components are 
required by the single TDA7377V 
quad power amplifier IC (IC2). It’s 
very clever — not only does it contain 
the four low-distortion amplifiers 
we need to drive stereo speakers in 
BTL configuration, but it has virtu- 
ally rail-to-rail swing on the outputs 
and is inherently stable with a fixed 
26dB gain. 

We have used its standby pin (pin 
7) to switch the amplifier on and off. 
This avoids having high current pass- 
ing through on/off switch S1. In fact, 
S1 only switches the power to pin 7 of 
IC2 and to the quad op amp IC1. Hence, 
the power supply and IC1 remain en- 
ergised as long as the supply voltage is 
present, but only the capacitor leakage 
and standby current are drawn, a total 
of around 100wA. Switching the ampli- 
fier on raises the quiescent (no signal) 
current to around 100mA. 

As soon as switch S1 is turned on, 
the 100uF filter capacitor is charged 
via diode D1. The standby pin (pin 
7) has a low-pass filter consisting of 
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Fig.2: THD+N vs output power at 8Q with both channels 
driven. The supply is 14.4V and the measurement bandwidth 
is 20Hz to 22kHz. 


The disparity between the channels is 


primarily due to tone control pot tracking errors. 


a 22kQ resistor and 1uF capacitor, so 
that the power amplifier is not enabled 
until the op amp is on. This avoids 
turn-on thumps. 

Similarly, when you switch S1 
off, the 22kQ resistor at the anode 
of diode D1 pulls down the standby 
pin voltage, turning the power ampli- 
fier IC off almost immediately. This 
avoids switch-off thumps from the 
loudspeakers. 


Reverse polarity protection 
The main power supply components 
are the four 2200uF 25V electrolytic 
capacitors, plus two 470nF MKT ca- 
pacitors in parallel for high-frequency 
filtering. MOSFET Q1 provides 
reverse polarity protection for this 
section. 

Although the TDA7377 IC can 
withstand negative supply voltages, 
the electrolytic capacitors cannot. 
So, in this circuit we have connected 
an IRF1405 MOSFET in series with 
the supply ground lead. 

In essence, the MOSFET acts like a 
diode with a very low forward volt- 
age, typically less than 25mV at 5A 
(we measured 8.7mV at 2.5A). This 
compares with around 1V at 5A fora 
standard rectifier diode. This means 
that the amplifier can deliver signifi- 
cantly more power, about 15% more, 
in fact, than if a standard diode had 
been used. 


Power source 

The maximum current consumption 
depends on the speaker impedance 
and how far you turn up the volume. 
As a rough guide, full power with a 
14.4V supply and 8Q speakers requires 
at least 3A. For 4Q speakers, the cur- 
rent consumption can exceed 6A. 

At a minimum, use a 7.2Ah SLA 
battery for 8Q speakers, or a 12Ah 
SLA for 4Q. These should last 2 to 24 
hours, depending on how hard you're 
driving the amplifier (larger batteries 
will last longer). 

You can charge the battery while 
using the amplifier, although this may 
slightly prejudice the sound quality due 
to the supply ripple that charging intro- 
duces. Power supply rejection is >50dB 
at 300Hz, and thanks to the large supply 
bypass capacitors, the additional noise 
should be kept to a low level. 

If you want to run the amplifier from 
a mains power supply, both linear and 
switchmode types are suitable. A 6A 
linear supply is likely to be large and 
expensive, so switchmode is probably 
the way to go. A higher supply voltage 
(ie, up to 16V) will give more power. 

The absolute maximum operating 
voltage is 18V, so make sure whatever 
you use can never exceed that. 


Construction 


All the circuit components, including 
the potentiometers for the volume and 
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Fig.4: follow this layout diagram to build the PC board. Make sure that all 
polarised parts are correctly oriented and don’t get the pots mixed up. 


This view shows the completed prototype. The potentiometer bodies are 
connected together using a length of ‘tinned’ copper wire, which loops across 
them and is terminated in pads on either side of the board. 


tone controls, are mounted on a single 
PC board measuring 97mm x 78mm 
and coded 843. This board is available 
from the EPE PCB Service. The PC 
board is housed in a compact metal case 
with an aluminium base and steel lid. 

Fig.4 shows the component layout 
on the PC board. Start by checking 
the board for defects, such as shorts 
or breaks in the copper tracks and 
undrilled holes. If it’s OK, start the as- 
sembly by installing the four wire links 
using 0.71mm tinned copper wire. 
Make sure they are straight and flat 
before soldering, since some of the links 
pass near exposed component legs. 

Next, install the fixed value resis- 
tors. It’s a good idea to check each 
value with a DMM, as the colour codes 
can be notoriously hard to read. 

After that, solder in the two Zener 
diodes. They are identical, but do 
make sure that you get their orienta- 
tion correct. 

Once the Zeners are in, bend the 
MOSFET’s leads down at right angles, 
about 5mm from its metal tab, using 
small long-nosed pliers. That done, 
insert its leads into the PC board and 
check that its mounting hole lines up. 
Adjust the leads ifnecessary, then secure 
the tab to the PC board using an M3 x 
6mm machine screw, spring washer and 
nut. Once itis firmly in place and cannot 
move, solder and trim the three leads. 

Next, install the three terminal 
blocks. Push them all the way down so 
that they sit flush with the board and 
check that they are correctly oriented 
before soldering their pins. The three 
polarised headers (CON1, CON2 and 
S1) can then be installed, again taking 
care with their orientation. 

Follow with the MKT capacitors and 
the two ceramic types. The polarity 
doesn’t matter here, but don’t get the 
values mixed up. The four bipolar elec- 
trolytic capacitors can now be installed, 
followed by the four small polarised 
electrolytics. Don’t install the larger 
2200uF units just yet. 

Next, install the TL074 IC, making 
sure it goes in the correct way around. 
We used a socket in our prototype, 
but there’s no reason why it cannot 
be directly soldered to the PC board. 


Installing the TDA7377 

It’s now time to install the TDA7377V. 
You must do this slowly and carefully 
since it’s difficult to remove if it’s 
misaligned. 
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THD+N % vs Frequency, 4Q, 14.4V, 5W 
5 


THD+N % vs Frequency, 8, 14.4V, 5W 
5 


Fig.5: THD+N vs frequency for 5W into 4Q. The supply is 
14.4V and the measurement bandwidth is <10Hz-80kHz. 
The reading at 1kHz is slightly higher than in Fig.1 due to 


the wider measurement bandwidth. 


Start by gently inserting its pins 
through the board, taking care not to 
bend any of them. You may need to 
adjust them using needle-nose pliers if 
they have been bent during transport, 
so that they line up properly. 

Once the pins have been pushed 
all the way down, place the metal tab 
of the IC on a flat, horizontal surface 
with the PC board held in a vertical 
position. Hold the IC down against 
the surface and adjust the angle of 
the board so that they are exactly at 
right angles. That done, check that 
the pins are all still properly inserted 
and that the package is parallel with 
the edge of the board. 

When it is all straight, solder a cou- 
ple of leads and recheck its orientation 
before finishing the job. 

The four 2200uF electrolytic capaci- 
tors can now be installed. Make sure 
that each of these sits flush against the 
PC board, and is oriented correctly. 


Fig.6: THD+N vs frequency for 5W into 8Q. The supply is 
14.4V and the measurement bandwidth is <10Hz-80kHz. 
The reading at 1kHz is slightly higher than in Fig.2 due to 


the wider measurement bandwidth. 


Short cut 

Before fitting the potentiometers (VR1 
to VR3), it’s necessary to cut their 
shafts to length so that the ‘D’-shaped 
sections (ie, the flat sections) are about 
10mm long. This is done by clamping 
the end of each shaft in a vice and then 
cutting it with a hacksaw. Deburr the 
ends when you have finished, so that 
the knobs can be fitted later. 

Pots VR1 to VR3 can now be in- 
stalled on the board. They each have 
a different value, so be sure to mount 
each one in the correct location. 


Earthing 
To prevent noise pickup, it’s necessary 
to ‘earth’ the bodies of the pots. This is 
done using a length of tinned copper 
wire, which loops across the top of the 
pots and is terminated at both ends to 
copper pads on the PC board. 

To install this wire, first solder one 
end to the pad immediately to the 


right of volume control VR1. That 
done, stretch the wire across the tops 
of the three pots and feed the free end 
into the pad to the left of the bass pot. 
Finally, pull the wire down tight and 
solder it in position, then solder the 
wire to the top of each pot body. 

Note that it will be necessary to scrape 
away the passivation material on each 
pot body in order for the solder to take. 
You will also need to use a hotter-than- 
normal soldering iron in order to heat 
the pot bodies sufficiently for soldering. 

In practice, the pot bodies will later 
all be in contact with the bare metal 
of the case, so it should not be neces- 
sary to connect the GND pad on the 
PC board to the case itself. However, 
if you elect to house the board in a 
plastic case, it will be necessary to 
connect the GND pad to the ground 
(-) terminal of CON3. 

The PC board assembly can now be 
completed by attaching an M3 x12mm 


Table 1: hesistor Colour Codes 


4-Band Code (1%) 

brown black yellow brown 
red red orange brown 
brown black orange brown 
yellow violet red brown 
brown black red brown 
brown black black brown 


5-Band Code (1%) 

brown black black orange brown 
red red black red brown 

brown black black red brown 
yellow violet black brown brown 
brown black black brown brown 
brown black black gold brown 


Eee Sees 
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Follow this photo and the text to complete the wiring inside the case. Note 
the use of shielded cable to connect the RCA-type phono input sockets. 


spacer to each corner, secured by M3 
x 15mm machine screws. That done, 
thread M3 x 9mm spacers over each 
end so that you effectively finish up 
with four 21mm spacers. Note: the 
spacers at the rear of the board are 
later removed when it is attached to 
the heatsink. 


Initial checks 
If you have a bench supply, set it to 
12V with a current limit of 200mA. 
Otherwise, use a 12V plugpack or 
similar supply —if possible, one which 
is too small to provide much current. 
First, connect your DC supply to 
the power block (CON3), with aDMM 
wired in series and set to read current. 
Now switch the supply on and check 
the current reading. With no power 
switch attached, the current should 
be negligible (<lmA) and the DMM 
will probably read 0 (once the 2200uF 
capacitors have charged). 
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If it reads more than a few milli- 
amps, switch off and check the board 
for mistakes. 

Now short the switch header pins 
(ie, for S1) together using a piece of 
wire. The current should now increase 
to around 100mA and possibly as high 
as 160mA. If you remove this short, 
the reading should drop back to OmA 
within a second or so. 

If you have made a mistake with the 
MOSFET or Zeners, it’s possible no 
current will flow at all. Ifthat happens, 
check that area of the board. It could 
also be a problem with the standby 
RC filter components (22kQ and 1uF). 


Drilling the case 
The drilling details for the front and 
rear panels of the case are shown in 
Fig.7. This can be photocopied and 
used as a template. 

Start by attaching the front panel 
drilling template section to the case. 


Once that’s done, centre-punch the 
location of each hole, then remove the 
template and drill a small pilot (eg, 
2mm) hole at each location. Before 
going further, place the board assembly 
in the case and check that the three 
right-hand holes line up correctly with 
the centres of the pot shafts. 

Once you are satisfied that every- 
thing is correct, drill the three potenti- 
ometer holes to 6.5mm, then check that 
their shafts (including the threaded 
portions) go all the way through). If 
necessary, enlarge the holes using a 
tapered reamer until it fits correctly. 

The switch cutout is made by first 
pilot-drilling the two marked posi- 
tions, then enlarging them to 5.5mm 
and drilling a third hole between them. 
The centre piece can then be knocked 
out and a small flat file used to gradu- 
ally enlarge the cutout to the marked 
rectangular outline. 

Slowly enlarge it in each direction 
until the switch snaps into place and 
is locked in by its plastic tabs. It will 
take a good 10 to 15 minutes of patient 
filing, so take it slowly and make sure 
you don’t make the hole too large or 
crooked. 


Installing the PC board 

In order to later secure the PC board, 
it’s necessary to drill mounting holes 
in the base of the case for the front (but 
not the rear) spacers. The two holes 
should each be marked on the under- 
side of the case, and are positioned 
6mm in from the front panel and 21mm 
in from the sides. Drill them to 3mm, 
then slide the board into position and 
fit the mounting screws. 

Don't worry about securing the pots 
to the front panel at this stage — that 
step comes later. For the time being, 
just check that everything lines up 
correctly, then remove the board and 
power switch so that the rear panel 


can be drilled. 


Rear panel drilling 

Eight holes have to be drilled in the 
rear panel — two for the insulated RCA- 
type phono input sockets (D), four for 
the loudspeaker terminals (C), one for 
the DC power socket (C) and one for 
the fuse (E). 

Begin by securing the drilling tem- 
plate accurately in position (use tape), 
then centre-punch each hole location, 
and drill small pilot holes. The tem- 
plate can then be removed and the 
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Fig.7: full-size drilling templates for the front and rear panels. Centre-punch each hole position and drill small pilot 
holes before carefully enlarging them to size using progressively larger drills and a tapered reamer. 


holes enlarged to the sizes indicated 
using drills and a tapered reamer (ie, 
8mm for the binding posts and DC con- 
nector, 9.5mm for the phono sockets 
and 13 to 15mm for the fuseholder, 
depending on the exact type). 

Use an oversize drill to deburr 
the holes, then install the rear panel 
hardware as shown in the photos. 
Make sure all the nuts are tight so the 
components can’t rotate. By the way, 
insulated RCA-type phono sockets 
are mandatory if you want to get low 
distortion. 

Pay attention to the orientation of 
the holes in the binding posts. The 
upper two (red) should have the holes 
vertical, while the lower two (black) 
should be orientated with the holes 30° 
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to 45° from vertical, so that you can 
insert the speaker leads from the side. 


Attaching the heatsink 

The specified heatsink is a 55mm x 
105mm ‘fan’ type. It is quite heavy, 
so it will need to be attached to the 
base of the case using two right- 
angle steel brackets (see the photo 
two pages on — homemade matching 
aluminium or sheet steel will work 
perfectly well). 

To do this, stand the heatsink 
vertically on a flat surface and place 
a bracket flush against the flat side 
at one end. Mark the centre of the 
mounting hole, then repeat this pro- 
cedure at the other end. The two holes 
are then centre-punched and drilled 


to 4mm. Remove any swarf from 
around the holes using an oversize 
drill, then attach the brackets using 
two M4 x 10mm machine screws, 
spring washers and nuts. 

Now remove the rear spacers from 
the PC board, install it in the case and 
slide the heatsink up to it so that it sits 
flush against IC2’s metal tab. Check 
that the heatsink is correctly centred, 
then mark the mounting holes for the 
heatsink brackets on the bottom of the 
case. The heatsink and PC board are 
then removed and the marked loca- 
tions drilled to 4mm. 

The next step is to drill a mounting 
hole in the heatsink for IC2’s metal 
tab. That’s done by first reinstalling 
the PC board in the case and securing 
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Constructional 


In this project we have used a MOSFET 
instead of a diode for reverse polarity 
protection, for the reasons explained in 
the article. 

Fig.8 shows how an N-channel MOSFET 
is typically used for motor control, lamp flash- 
ing or any other task where a high current 
DC electronic switch is required. Because 
aMOSFET’s source is generally connected 
to the substrate, a parasitic diode known as 
the ‘body diode’ is present. This is shown in 
the symbol and it cannot be avoided. 

Because its source (S) is connected 
to ground, Q1 is on whenever the gate 
(G) voltage is above the MOSFET’s on- 
threshold (usually 2V to 4V). The body 
diode is reverse biased and does not 
conduct unless the load is inductive and 
switch-off causes a large enough positive 
voltage spike to trigger reverse breakdown 
(avalanche). 

What we want to do, though, is use a 
MOSFET to prevent current flow if Vcc 
becomes negative. In the case of Fig.8, if 
this were to happen, the body diode would 


the heatsink to the base using two M4 
x 10mm machine screws and nuts. It’s 
then just a matter of marking the hole 
location, then removing the heatsink, 
centre-punching the marked location 
and drilling to 3mm. 

Now use an oversize drill to carefully 
deburr the mounting hole. This step is 
most important — if there’s any metal 
swarf around the hole, it could punch 
through the insulating washer that’s 
used to electrically isolate IC2’s tab 
from the heatsink and create a short 
circuit. Basically, it’s just a matter of 
checking that the mounting area is 
perfectly smooth by running your finger 
over the hole. 


INSULATING 
M3 x 15MM BUSH 


INSULATING 
PAD 


conduct and it would be impossible for 
the MOSFET to provide reverse polarity 
protection. Hence, we must reverse the 
MOSFET and connectit so that the source 
is positive with respect to the drain (D), as 
shown in Fig.9. 

Note that the body diode is now forward 
biased when Vccis positive. If we also bias 
the MOSFET on, all of the current will flow 
through the channel (ie, source to drain) 
instead. The channel path will have amuch 
lower voltage drop than the body diode. 

We achieve this by connecting a resis- 
tor between the supply input and the gate. 
When the supply voltage is positive, the 
MOSFET is turned on and if it becomes 
negative it will be turned off and of course, 
the body diode will be reverse-biased! 

Because the source is no longer con- 
nected to ground it may seem that we can 
no longer turn the MOSFET on. In fact, the 
source is pulled to ground via the body diode. 

The final refinement adds two back-to- 
back Zener diodes between the gate and 
source terminals (see Fig.3). They are 


Attaching IC2 to the heatsink 
1C2’s tab must be electrically isolated 
from the heatsink using an insulating 
bush and washer — see Fig.10. It’s just 
a matter of fitting the heatsink back in 
the chassis, then attaching IC2’s tab 
as shown. It’s secured using an M3 x 
15mm machine screw, spring washer 
and nut. Do the screw up firmly to 
ensure good thermal contact, then use 
your multimeter (set to a low ohms 
range) to confirm that IC2’s tab is cor- 
rectly isolated from the heatsink. 

If you use a mica washer rather thana 
thermal insulating pad, be sure to smear 
both sides of the washer with thermal 
grease before bolting the tab down. 


SPRING M3 
WASHER NUT 


[a 


Fig.10: this diagram shows how the TDA7377V amplifier IC is attached 
to the heatsink. It must be electrically isolated from the heatsink using an 
insulating bush and pad. 
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Fig.8: using a MOSFET as a switch 
(typical connection). 


Fig.9: using a MOSFET as an active 
rectifier. 


included to prevent a supply voltage spike 
of more than +20V destroying the MOSFET. 


Front panel 

A full-size, suggested front panel 
design is given in Fig.11. This can be 
photocopied, trimmed and attached 
to the panel using double-sided tape. 
This should be done with the PC board 
and heatsink assembly removed from 
the case. You will also have to tem- 
porarily remove the rocker switch if 
it’s in place. 

Once the front panel is in position, 
cover it with some wide strips of ad- 
hesive tape, then cut out the holes for 
the switch and pot shafts using a sharp 
knife. The adhesive covering will pro- 
tect the label from scratches and finger 
marks and provide a durable finish. 

The PC board and heatsink assembly 
can now be permanently installed in 
the chassis. Before sliding it in, fit a 
nut onto the threaded boss of each pot 
and wind it all the way up to the pot 
body. That done, place the assembly in 
the case and secure it via the heatsink 
brackets and the screws that go into 
the front spacers. 

Now wind the pot nuts forward 
until they contact the rear of the front 
panel, then fit three more nuts to the 
pots from the front. The six pot nuts 
can now all be tightened to lock the 
pots firmly in place and prevent the 
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Constructional Project 


Fe ntonmalnce) 


Total harmonic distortion plus noise: typically <0.03% 

Signal-to-noise ratio: 93dB (96dB A-weighted) with respect to 10W into 8Q 
Channel separation: —72dB at 1kHz 

Input sensitivity: 5010mV RMS for 10W into 8Q 
Input impedance: 8.3kQ 
Stability: unconditional 


This view inside the 
prototype clearly 
shows the heatsink 
mounting details. 
Note that the speaker 
polarity has been 
reversed in the 

final version (ie, the 
positive speaker leads 
should go towards the 
rear of terminal blocks 
CON4 and CON5 on 
the PC board). 


front panel from flexing. Once they 
are secure, fit the knobs and reinstall 
the rocker switch. 


Chassis wiring 

All that’s left is the chassis wiring. 
First, cut a short length of red, 
heavy-duty hook-up wire, strip 
the ends and solder it between the 
centre pin of the DC socket and 
the middle tab of the fuseholder. 
A 70mm length of red wire is then 
tun from the end fuseholder tab 
to the +12V input terminal on the 
board (ie, at CON3). 

Now connect the two remaining 
tabs on the DC socket together and 
run a 90mm length of black heavy- 
duty wire to the ground (—) terminal 

-— 8 0" of CONS. In fact, the easiest way 
Mini Stereo Ampl ifier to do this is to strip the insulation 
from the hook-up wire back at least 
15mm and wrap the wire around 
Fig.11: Full-size front facia and lettering. This can be photocopied and attached tothe —_ both these tabs before flowing solder 
front panel using double-sided tape over it. Because one of the tabs goes 


Bass Treble Volume 
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Constructional Projec: 


Parts List = hligh-Performanece 12V Stereo Amplifier 


1 PC board, code 843, available 
from the EPE PCB Service, 
size 97mm x 78mm 

1 vented aluminium case 
(Jaycar HB-5444) 

1 55mm ‘fan’- type heatsink 
(Jaycar HH-8570) 

1 SPST mini rocker switch 
(Jaycar SK-0975) 

2 4.8mm female spade lugs 

2 small steel brackets (steel or 
aluminium) 

4 M4 x 10mm machine screws 

4 M4 nuts 

4 M4 spring washers 

1 2.1mm ID chassis-mount DC 
power socket (Jaycar PS- 
0522) 

1 low-voltage M205 chassis- 
mount fuseholder (Jaycar 
SZ-2020) 

1 M205 6.5A fast-blow fuse 

2 red insulated binding posts 
(Jaycar PT-0453) 

2 black insulated binding posts 
(Jaycar PT-0454) 

1 red insulated RCA-type phono 
socket (Jaycar PS-0276) 

1 white insulated RCA-type phono 
socket (Jaycar PS-0278) 

2 16mm knobs (Jaycar HK-7762) 

1 24mm knob (Jaycar HK-7764) 

3 2-pin terminal blocks (5.08mm 
spacing) 

3 2-pin polarised headers 
(2.54mm spacing) 

3 2-pin polarised header 
connectors (2.54mm spacing) 

1 TO-218 mica or silicone 
insulating washer (with bush) 

5 M3 x 6mm machine screws 

1 M3 x 10mm machine screw 

4 M83 x 15mm machine screws 

2 M3 spring washers 

2 M3 nuts 

4 M3 x 12mm tapped nylon 
spacers 

4 M83 x 9mm tapped nylon 
spacers 

1 500mm length of red heavy- 
duty hook-up wire 

1 500mm length of black heavy- 
duty hook-up wire 


to the metal thread of the DC socket, 
this connects the negative rail to the 
case and improves the shielding. 
Next, connect the speaker outputs, 
again using heavy-duty red and black 
hook-up wire (see photos). These leads 
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1 300mm length of medium-duty 
hook-up wire 

1 400mm length of single-core 
shielded cable 

1 300mm length of 0.71mm 
tinned copper wire 

Heatsink compound (if using a 
mica insulating washer) 

8 100mm cable ties 

3 additional nuts for pots 


Potentiometers 
1 100kQ linear dual-gang 16mm 
potentiometer (VR2 — B100k) 
1 50kQ linear dual-gang 16mm 
potentiometer (VR3 — B50k) 
1 10kQ log dual-gang 16mm 
potentiometer (VR1 — A10k) 


Semiconductors 

1 TLO74 quad op amp (IC1) 

1 TDA7377V quad power amplifier 
(IC2) (available from: www. 
littlediode.com) 

1 IRF1405 MOSFET (Q1) 

2 15V 1W Zener diodes 
(ZD1,ZD2) 

1 1N4004 rect. diode (D1) 


Capacitors 

4 2200uF 25V electrolytic 

1 100uUF 25V electrolytic 

2 47uF 16V electrolytic 

4 4.7uF non-polar (NP) 
electrolytic 

1 1pF 25V electrolytic 

6 470nF MKT 

1 100nF MKT 

2 10nF MKT 

4 4.7nF MKT 

2 10pF ceramic 


Resistors (0.25W, 1%) 
5 100kQ 44.7kO 
8 22kQO 2 1kQ 
4 10kQ 4100 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2012. 
wwwsiliconchip.com.au 


run from CON4 and CONS to the bind- 
ing post terminals on the rear panel and 
should be made long enough so that they 
don’t touch the heatsink. 

Note that we've reversed the output 
terminal polarity compared to our 


prototype to compensate for the in- 
verting preamplifier stage. Ultimately, 
though, it doesn’t matter greatly, as 
long as both pairs of binding posts are 
connected the same way around (ie, 
the loudspeakers are not in anti-phase 
with each other). 

The power switch wiring is next. 
This can be run using two 95mm 
lengths of medium-duty hook-up wire. 
Begin by stripping about 8mm from 
one end of each wire and crimping 
them to two polarised header pins 
using pliers. Once you have crimped 
them, flow some solder into each junc- 
tion so that it can’t come apart. 

After soldering, insert the two pins 
into one of the plastic header blocks 
then strip about 5mm from the other 
ends of the wires. These ends are then 
attached to 4.8mm female spade con- 
nectors (a ratcheting crimper will do 
the best job) which are then pushed 
onto the switch terminals. 

Alternatively, solder the wires direct- 
ly to the switch terminals if that’s what 
you prefer — be careful not to overheat 
and damage the plastic switch body. 


Wiring the phono sockets 

All that remains is the wiring to 
the RCA-type input sockets. These 
are connected using two lengths of 
shielded/screened cable, which run 
back to two polarised pin headers 
situated behind the volume control. 

Begin by cutting two 150mm sec- 
tions of shielded cable, strip 20mm of 
insulation from each end and twist the 
copper screening braid wires together. 
Then strip 5mm of insulation from the 
inner wires. 

At one end, tin the shield and inner 
wires, then crimp them into polarised 
header pins and flow solder into the 
crimp pin so it can’t come apart. Note 
that it’s necessary to twist the shield 
wires tightly before soldering them, 
so that they fit into the header pins. 

After soldering, insert the pins into 
the two remaining plastic header 
blocks. In each case, the inner wire of 
the shielded cable must go to the ‘+’ 
side of the header block (see Fig.4). 
This means that when the headers 
are plugged in, the inner wire of each 
header must be to the left, as viewed 
from the front of the PC board. 

The shield leads must be to the right, 
so that they connect to the earth pat- 
tern of the PC board when the headers 
are plugged in. 
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Frequency Response, 4Q, 5W, 14.4V 


THD+N % vs Power, 4Q, 12.0V 
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Fig.12: this shows the amplifier’s frequency response for a 
4Q load with the tone controls centred. The -3dB point is 
around 25Hz. This is purposefully a little high to reduce 
the chance of ‘motor-boating’ with a sagging supply voltage 


under load. 
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Fig.13: this graph of THD+N vs power is similar to that shown 
in Fig.1, except that the amplifier is powered from a 12V 4A 
switchmode supply. As you can see, performance doesn’t 
suffer much, except that full power output is reduced due 


to the lower supply voltage. 


Conneciting the GND terminal 


If you build the unit into the specified metal case, then it will not be necessary 
to connect the GND terminal to the case. That’s because the circuit earth is 
connected to the case via the DC power socket, while the potentiometer bodies 
are earthed to the case via the nuts used to secure them. 


In fact, if you do connect the GND pad to the case under these circumstances, 
you could get an ‘earth loop’. 


Conversely, if you elect to house the board in a plastic case, then it will 
be necessary to connect the GND pad to the ground (-) terminal of CONS. 
Alternatively, it can be connected to the negative terminal of the DC socket. 


Similarly, if the pots are not directly secured to a metal chassis (ie, you don’t 
fit the nuts), then the GND terminal should be connected to metalwork. You 
can do this by securing a solder lug to the base of the case and then running 


a short lead between it and the GND pad on the board. 


The other ends of the shielded 
leads can then be soldered to the 
RCA phono sockets. In each case, the 
inner lead goes to the centre terminal 
of the socket, while the shield wire is 
soldered to the solder tag. 

As stated above, it’s necessary to 
use insulated phono sockets for the 
inputs. After connecting them, it’s a 
good idea to check that neither phono 
socket surround is shorted to the case 
(if they are, the performance will suf- 
fer). You can do this by using your 
multimeter to check for continuity 
between the outside metal surround 
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of each phono socket and the case. 
You should get an open circuit read- 
ing for both sockets. 

If the meter does indicate a short, 
check that the shield wires are not 
touching the case at the metal tags. If 
they are, just bend the tags forward 
slightly until the short is cleared. 

The assembly can now be completed 
by plugging the other ends of the 
shielded leads into the headers on the 
PC board. Don’t get them mixed up — 
the left input (white socket) should go 
to the header on the left side of the PC 
board, and vice versa. 


Once the wiring is complete, use 
some cable ties to secure the various 
leads as shown in the photos. This not 
only keeps them looking tidy but will 
also prevent them from coming adrift. 

That’s it— construction is complete. 


Final testing 

Now for a final test. Install the 6.5A 
fuse into the fuseholder and connect 
a signal source (eg, a CD player) and 
a pair of speakers. Be sure to connect 
the speakers in phase and don’t cross- 
wire the leads. 

Now turn the volume knob all the 
way down, switch on and slowly turn 
the volume up. If you hear audio loud 
and clear then all is well! Ifnot, switch 
offimmediately and check the chassis 
wiring carefully. If there’s a problem, 
it’s a good idea to first measure the 
voltage across the power terminal 
block, to make sure power is actually 
reaching the board. 

If that doesn’t solve the problem, 
you’ll need to recheck the component 
placement and orientation, as well as 
the solder joints. Ifthe fuse blows, then 
you likely have a short circuit in your 
chassis wiring, because the earlier tests 
on the board would have shown up 
any shorts on the board itself. 

Assuming all is well, put on your fa- 
vourite CD and enjoy the sound! EPE 
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Statistics 


Technotalk 


Mark Nelson 


That's statistics, as in ‘lies, damned lies and statistics’. But how can you argue 
with figures? Mark doesn’t even try, as they tell an interesting story. 


CCORDING to network equip- 
Beer provider Cisco, the 

number of network-connected 
devices will exceed the number of 
people on earth in 2016. In that year, 
the world population will reach 7.3 
billion, but the number of mobile 
Internet-connected devices will rise 
above 10 billion. During 2011 to 2016, 
Cisco anticipates that global mobile 
data traffic will outgrow global fixed 
data traffic by three times. 

But how will this be, and why? The 
expected sharp increase in mobile 
traffic is due, in part, to a projected 
surge in the number of mobile Internet- 
connected devices, including machine- 
to-machine (M2M) modules. A major 
new market, says Cisco, is the use of 
wireless networks to update digital 
billboards. This will allow advertisers 
to display different messages based on 
time of day or day-of-week, and allow 
quick global changes for messages, 
such as price changes for petrol. 

Two things are driving this growth. 
Mobile devices are becoming more 
powerful, and are thus able to consume 
and generate more data traffic. At the 
same time, users now prefer streamed 
content rather than simple downloads. 
So, mobile traffic will increase, growing 
28-fold from 2011 to 2016, a compound 
annual growth rate of 95 per cent. Let’s 
leave this remarkable forecast with a 
quote from Suraj Shetty, vice president 
of product and solutions marketing at 
Cisco. ‘By 2016, 60 per cent of mobile 
users — three billion people worldwide 
— will belong to the ‘Gigabyte Club’, 
each generating more than one gigabyte 
of mobile data traffic per month. By 
contrast, only one-half per cent of mobile 
users qualified last year.’ 


Milestone moment? 

More numerical proof of rapid change 
comes from audience research body 
RAJAR. Radio listening from digital 
platforms (DAB radio, Freeview and 
Internet radio) now stands at 29 per 
cent of all radio listening, while more 
than 40 per cent of people (21 million 
adults) live in a household with a DAB 
digital radio. At the same time, 15 per 
cent of adults aged 15-plus listened to 
the radio via mobile phone. 

What makes this growth all the more 
remarkable is the depressing audio 
quality of DAB radio. Don’t get me 
wrong; I’m a DAB enthusiast, with three 
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DAB sets in the home, but the patchy 
reception, strangled sound quality and 
frequent signal drop-out make DAB 
totally unsuitable for serious listening, 
or indeed for replacing the existing FM 
broadcasts. As blogger Lee Jordan sums 
up, ‘the DAB Digital Radio platform 
simply isn’t fit for purpose to replace 
existing analogue programmes, and FM 
remains the mainstay of radio in the UK.’ 

Everything is wrong with DAB, he 
argues. The underlying idea is good, but 
the execution is shocking. In most cases, 
the sound quality and signal strength are 
worse than FM. Elsewhere in the world, 
a far superior implementation of digital 
radio called DAB+ (DAB Plus) is being 
rolled out, but the UK government is 
sticking doggedly to the original version 
of DAB, condemning listeners to vastly 
degraded enjoyment. 


Wanted yesterday? 

Maplin Electronics can now get your 
purchase to you within 90 minutes; 
unbelievable, but true. Trade journal 
Internet Retailing reports that Maplin 
has signed up with delivery service 
Shutl to send buyers in a qualifying 
postcode area their plunder either 
within 90 minutes, or in a convenient 
one-hour slot of their choosing, when 
they check out their purchases on the 
Maplin site. 

Shutl says more than 60 per cent 
of the UK’s online shoppers will be 
able to opt for the delivery method 
immediately. Initially, Shutl will 
deliver using stock from 83 Maplin 
stores across the UK, adding another 
21 shops later this year. 


Energetic activity 
There’s no sign of ‘energy harvesting’ 
running out of energy if developments 
are anything to go by. A novel energy- 
harvesting evaluation kit features 
wireless-linked modules powered by 
sunlight and temperature differences. 
Called ‘The Drop’, and costing 
199 euros, it is supplied by Arrow 
Electronics Europe. For this price, you 
get three network nodes, a solar panel, 
a Peltier cell, three RF antennas and a 
mini USB cable, with which you can 
set up your own energy-harvesting 
evaluation system. You can also create 
your own designs based on the kit 
using the original schematics, Gerber 
files and firmware. More details at the 
website: www.thedrop.eu. 


Meanwhile, a UK company has 
developed a power supply, the 
QTD20, which makes use of kinetic 
energy produced by AC electric 
motors to safeguard programmable 
logic controllers. In the event of a 
mains failure, the device utilises the 
power from the DC-bus capacitors, 
which are charged from the kinetic 
energy of the motor, to support the 
PLC until the motor has come to a 
complete stop, keeping the control 
gear and other important peripheral 
equipment operational long enough 
for a controlled shutdown to take 
place. 


You could not make this up! 
Taking the biscuit, however, is ascheme 
dreamed up at Purdue University, 
Indiana (US), in which the driving bass 
rhythm of rap music powers a new 
type of body implant. Acoustic waves 
from music, particularly rap, were 
found to recharge the pressure sensor 
effectively. The idea is that devices like 
this might one day help to treat people 
stricken with aneurisms (potential 
blood leaks) or incontinence due to 
paralysis. 

The heart of the sensor is a vibrating 
cantilever, a thin beam _ attached 
at one end like a miniature diving 
board. Music within a certain range 
of frequencies, from 200Hz to 500Hz, 
causes the cantilever to vibrate, 
generating electricity and storing charge 
in a capacitor, says Prof Babak Ziaie. 
He explains: ‘The music reaches the 
correct frequency only at certain times, 
for example, when there is a strong bass 
component. The acoustic energy from 
the music can pass through body tissue, 
causing the cantilever to vibrate.’ 

When the frequency falls outside of 
the proper range, the cantilever stops 
vibrating, automatically sending the 
electrical charge to the sensor, which 
takes a pressure reading and transmits 
data as radio signals. Because the 
frequency is continually changing 
according to the rhythm of a musical 
composition, the sensor can be induced 
to repeatedly alternate intervals of 
storing charge and transmitting data. 
‘You would only need to do this for a 
couple of minutes every hour or so to 
monitor either blood pressure or the 
strain of urine in the bladder,’ concludes 
Ziaie. ‘It doesn’t take long to do the 
measurement.’ 


Everyday Practical Electronics, May 2012 


sales@spiratronics.com | 01733 212048 


[ and [iim Go & 
choose J Ci oy 2 


12in1 Screwdriver Sidecutters 10% Off 
Coupon Code - ESDO01 Coupon Code - ESC002 Coupon Code - ETE003 


and 
choose 


Pocket Multimeter 26pc Tool Kit 10% Off 
Coupon Code - EPM004 Coupon Code - ETK005 Coupon Code - ETE003 


110% 


E50 


Wire Strippers Helping Hands 10% Off 
Coupon Code - EWS006 Coupon Code - EHH007 Coupon Code - ETE003 


and 
choose 


——N 


- ‘ ——_ = 
Pro S8 Multimeter 25W Soldering Iron 10% Off 
Coupon Code - EMU008 Coupon Code - ESO009 Coupon Code - ETE003 


A Choice Of 


FREE GIFT 


With All Orders Of £10 Or More 


O qualify for a free gift, place an order of at least £10, £25, £50 or £75 at spiratronics.com. Depending on your 
pend, you'll qualify for a free gift from the three options indicated in the table shown above. To claim, simply enter the 
orresponding coupon code of your selected free gift at the checkout stage. 


“ ae # Thousands of low cost, high quality products 
visit us at... a ate cea irae 1 . 
. . ame day dispatch on orders before 3pm S ab Oo Cc e 
Spiratronics.com # Low, flat postage cost (£1.49 for UK) on all pir r ni 


= for our comprehensive range orders with no minimum order value 


Signal 


RIVING the Digital Audio Signal 

Generator is straightforward. In 
operation, it delivers an output signal 
(analogue and/or digital, depending 
on the configuration) as soon as it is 
switched on, and the LCD initially 
shows the current signal generation 
mode. There are five such readouts, 
one for each mode: locked, independ- 
ent, mixed, pulsed and sweep. 

In each case, the Up and Down 
buttons change the current mode and 
the display adjusts to show the corre- 
sponding reading. Pressing the Select 
button (in the centre of the main clus- 
ter) switches the LCD from the signal 
generation mode readout to the setting 
readouts. When this is done, signal 
generation continues according to the 
last mode selected. 
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Di 
Senerator - 


Changing the setting readout (done 
using the Up and Down buttons) has 
no affect on the current signal genera- 
tion mode. There are seven different 
setting readouts. Pressing the Select 
button again returns the unit to the 
signal generation mode readout. 

In other words, the Select button 
toggles between the current signal 
generation mode readout and the set- 
ting readout. The active generation 
mode is always the mode which was 
last selected. 


Left and right buttons 

On most readouts, the left and right 
buttons allow you to move a cursor 
across the display. The only excep- 
tion is the Status readout, where these 
two buttons have other effects (more 


In the March and 
April 2012 issues, we 
described the design 
and construction of 
our new Digital Audio 
Signal Generator. 

The final article this 
month has the driving 
instructions. 


By NICHOLS WIMEl 


gital Audio 


Part 3 


on this later). In practice, the cursor 
can only move to locations which 
show values that can be adjusted or 
activated. 

When the cursor is visible, pressing 
the Up and Down buttons will mod- 
ify the indicated setting rather than 
changing the current readout. Pressing 
the Select button or moving the cursor 
past the first or last setting hides the 
cursor, and the Up and Down buttons 
can once again be used to change the 
current mode and/or readout. 

This system may sound compli- 
cated, but once you try it, it will 
quickly start to make sense. In other 
words, it sounds more complicated 
that it really is and the process is 
quite intuitive once you understand 
the basics. 


Everyday Practical Electronics, May 2012 


The mute buttons 

There are two additional buttons on 
the unit — Left Mute and Right Mute. 
Pressing them toggles the mute status 
of the corresponding channel at any 
time. For example, if you press the 
Left Mute button and the left channel 
is currently enabled, it will be disabled 
and vice versa. 

The mute status is shown on the 
status readout and also on each mode 
readout. For sweep mode, if a chan- 
nel is muted, an ‘l’ (indicating the left 
channel) and/or an ‘r’ (indicating the 
right channel) is shown at the top of 
the display. For the other four modes, 
a muted channel is shown by changing 
the minus sign in front of each ampli- 
tude setting to an underscore. 

If you press the two Mute buttons 
simultaneously, the left and right 
channel settings will be swapped. 
This includes frequency, amplitude 
and phase (when applicable), as well 
as the mute status. 

Table 1 shows what each generation 
mode readout looks like by default, 
and highlights all the settings that can 
be changed. There is also a description 
of the function for each setting. 


More mode information 

As stated in the original article, the 
output frequency can be set at up to 
halfthe sample rate (ie, 48kHz) in steps 
of 1Hz. Depending on which frequency 
digit you select with the cursor, press- 
ing the Up and Down buttons will add 
or subtract 1Hz, 10Hz, 100Hz, 1000Hz 
or 10,000Hz. 

The amplitude is set in similar 
fashion, and the range is from OdB to 
—98dB in 1dB steps. 

If you increase the attenuation past 
—98dB, the readout changes to ‘off’ and 
the signal is muted. 

Note that as you get close to —98dB, 
the actual signal amplitudes become 
so small that the error increases and 
some values have an identical result. 
In fact, -96dB, -—97dB and —98dB 
generate the same amplitude due to 
the 16-bit precision of the scaling fac- 
tor. However, for attenuation down to 
—60dB, the scaling is basically perfect. 
Beyond that, the measured values are 
as shown in Table 2. 

Note that these measurements also 
include scaling errors from the DAC 
itself, so they are only a guide as to the 
unit’s actual precision. 
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Locked Mode readout: top line = signal frequency 
(both channels) and left channel amplitude; bottom 
line = channel phase difference and right channel 
amplitude. 


Independent Mode readout: top line = left channel 
frequency and amplitude; bottom line = right 
channel frequency and amplitude. 


Mixed Mode readout: top line = frequency and 
amplitude of wave 1; bottom line = frequency and 
amplitude of wave 2. 


Pulsed Mode readout: top line = frequency (both 
channels) and pulse-on amplitude; bottom line = 
pulse-on time (0-9999ms), pulse-off time (0-999ms) 
and pulse-off amplitude. 


Keep in mind that when adjusting 
the attenuation, pressing the Up but- 
ton increases the attenuation and thus 
decreases the signal amplitude. 

The only other mode settings (aside 
from frequencies and amplitudes) are 
time periods. In the case of pulsed 
mode, they are specified in millisec- 
onds and have a range of 0-9999 (just 
under 10 seconds) or 0-999 (just under 
one second). In sweep mode, they are 
specified in tenths of a second and 
seconds, with arange of 0-99.9 seconds 
and 0-99 seconds respectively. 

If you switch away from a mode and 
then back again later, the previous set- 
tings are typically retained. However, 
some are shared between the modes. 
For example, independent and mixed 
mode share all their settings, differing 
only in how they output the signal 
(independently to each channel or 
mixed on both). As a result, changing 
a setting in one changes both. 

The left/right channel amplitudes 
are shared between all modes except 
pulse and sweep. Most other settings 
are independent. 


Configuration details 

Table 3 shows each setting readout 
and describes each field. Some require 
more explanation, as follows: 


Status readout: the Status readout is 
very useful in sweep mode. Not only 
does it show the frequency as the 
sweep occurs (it’s updated four times 


Sweep Mode readout: top line = start frequency 
and amplitude (both channels); bottom line = finish 
frequency (both channels), sweep time (0.1 - 99.9s) 
and off-time (0-98s and manual). 


Measured Value 


-59.92dB 


—69.800B 


-79.160B 


—89.350B 


a second) but also you can pause and 
restart the sweep. Pressing the Left 
button in this readout mode pauses or 
resumes the sweep, while pressing the 
Right button starts/restarts it. 

This is especially useful when you 
are optimising crossover networks or 
matching a subwoofer to other driv- 
ers. If you hear a peak in the output 
amplitude, you can pause the sweep 
and read off the frequency. 

There may be times when you want 
a manual sweep; ie, rather than having 
it loop repeatedly, you can trigger it 
manually. To do this, set the sweep 
off time to maximum via the sweep 
mode readout — it will show ‘man’ 
(manual). 

It will then only start when you trig- 
ger it manually from the status readout 
using the Right button. 


Sweep setting readout: this allows you 
to choose between Exponential or Lin- 
ear sweep. Exponential sweep is the 
default and is usually what you want. 
In this mode, the frequency doubles or 
halves at a fixed rate. 
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Output/wave type setting readout: top line = 

output type (44100Hz, 48000Hz [default], 96000Hz, 
Analogue); bottom line = signal type (Sine, Square, 
Triangle, SawtoothUp, SawtoothDn). 


Status readout: indicates the current generation 
mode and mute status. In pulsed and sweep mode, 
it shows the current frequency and amplitude. ‘LR’ 
becomes ‘Ir’ when both channels are muted. 


Sweep setting readout: first line = setting; second 
line = sweep type (Exponential [default] or Linear). 


S/PDIF setting readout: line 1 = encoding type 
(Consumer [default] or AES/EBU) plus pre-emphasis 
setting (Normal [default] or PreEmph); line 2 = 
battery voltage display. 


Battery setting readout: Line 1 = 3.3V regulator 
output voltage calibration; line 2 = low battery 
warning voltage setting. 


LCD setting readout: line 1 = LCD backlight bright- 
ness (0-100%); line 2 = LCD contrast (0-100%). 


EEPROM setting readout: line 1 = Select EEPROM 
bank (0-9); line 2 = Load all settings from specified 
bank and Save all settings to specified bank. 


Note: values inside green boxes can be selected and varied using the front panel pushbuttons 


Linear sweep simply increases the 
frequency by a set amount over time. 
As a result, it spends less time at low 
frequencies and more time at higher 
frequencies. This mode could be 
useful if you are using a computer to 
capture and analyse the output, as it 
may make analysis simpler. 

Keep in mind that while the genera- 
tor attempts to reach your programmed 
finish frequency after the specified 
time has elapsed, in practice this is 
very difficult to achieve. As a result, 
with long sweep times, it may be off 
by a few milliseconds and occasionally 
the final frequency may actually be a 
few hertz below that specified. 


S/PDIF setting readout: lets you config- 
ure the S/PDIF output format, as well 
as view the current battery voltage. 
The first setting, ‘Consumer’ or 
‘AES/EBU’, determines the format 
of the Channel Status data sent with 
the S/PDIF stream. ‘Consumer’ is the 
typical format that most CD and DVD 
players use. On some equipment, 
this format is limited to 20 bits of 
precision in the audio data, so you 
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may get slightly higher distortion and 
worse amplitude control on this set- 
ting. However, it is the most widely 
supported. 

‘AES/EBU’ is the professional stand- 
ard used by DATs, mixers and high-end 
sound cards. It allows the full 24-bit 
precision in the audio samples, as well 
as sending more complete meta-data. 
In general, AES/EBU mode is better, 
provided the equipment that’s receiv- 
ing the signal can handle it. 

The second setting allows you to 
enable the pre-emphasis bit in the 
S/PDIF stream. This has the effect of 
enabling the de-emphasis hardware in 
the receiver (if it has any) and is mainly 
useful for testing. For example, you 
can run a 20Hz-20kHz sweep with and 
without this bit set, and check that the 
higher frequencies are properly attenu- 
ated (ie, de-emphasised) when it is set. 

The battery voltage readout lets you 
keep track of the charge state. Note, 
however, that the reading is actually 
a little lower than the real battery 
voltage (by about 0.3V) due to the 
Schottky diode (D2) in series with it. 


This means that if you consider your 
cells flat when the battery reaches 4.0V 
(for example), you'll actually want 
to switch the device off or attach the 
plugpack as soon as it reads near 4.3V. 


Battery setting readout: lets you cali- 
brate the battery voltage monitor — see 
the ‘Calibration’ section in Part 2 in the 
April 2012 issue. It also lets you set the 
low-battery warning voltage threshold. 
Once the battery has dropped below 
this level, the backlight will dim and 
flash, warning you to charge the battery 
or switch it off. 

During this time, you can continue 
using the generator. The recommended 
settings are 3.9V for alkaline cells (ac- 
tually 3.6V) and 4.3V for NiMH cells 
(actually 4.0V). 

Regardless of this setting, if the 
voltage reading drops below 3.5V for 
some time, the microcontroller will 
go into sleep mode. The ‘Battery flat!’ 
message is then displayed and all 
other functions cease. Backlight flash- 
ing continues, although at a reduced 
brightness. 

When that happens, the current 
drain drops from 100mA or more to 
about 30mA. This will still drain the 
battery, but not as quickly. 


LCD setting readout: here you can ad- 
just the display contrast and backlight 
brightness. You may need to change 
them according to lighting conditions, 
viewing angle or temperature. If you 
manage to reduce the contrast so much 
that the display becomes unreadable, 
switching the power off and on will 
typically restore it to the default. 

The backlight brightness selec- 
tion is a compromise because as you 
increase it, you increase the current 
drain at the expense of battery life. 
The default value of 25% is sufficient 
for good display visibility under most 
conditions and only adds about 30mA 
to the battery current. 


EEPROM setting readout: lets you define 
the default settings (ie, those loaded at 
power on), as well as store up to nine 
other setting configurations. Bank 0 
is loaded at switch-on, so if you save 
to bank 0 you are setting the defaults. 

To save settings, select the appropri- 
ate bank number, then move the cursor 
to ‘Save’ and press the Up or Down 
button. The readout will change to 
‘Saved’ and the current configuration 
and mode settings will be stored in that 
slot. You can then switch the generator 
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change the bank number and save to 
another onesf you wish. Internal DAC External DAC 


To load settings, the procedure is es- — 
sentially the same. You select the bank =e, 
number you want, move the cursor to 
‘Load’, and press the Up or Down but- 
ton. The readout changes to ‘Loaded’ 
and the current settings are replaced 
with those stored in EEPROM. Almost 
everything will be set just as it was 
when you saved to that bank. Note 
that attempting to load a bank that 
has nothing saved in it has no effect. 

The additional banks can be handy 
if you often repeat certain tests and 
they involve a specific configuration. 
You can store commonly used configu- 
rations in banks 1 to 9, and hence save 
yourself the time of having to adjust 
multiple settings to the same values 
again later. 


Wave types 

An example of each wave type is 
shown in the screen grab panel op- 
posite. Each has been sampled using 
both the analogue outputs of the Dig- 
ital Audio Signal Generator and also 
the High-Quality Stereo DAC (Sept 
to Nov 2011), the latter fed from the 
generator’s S/PDIF output. 

The high-frequency oscillations ap- 
parent in both the square and sawtooth 
signal outputs from both DACs are a 
result of their delta-sigma architecture. 
These types of waveforms are unnatu- Triangle Triangle 
ral due to their discontinuous nature — Pate! 3 
ie, they contain vertical lines whereas 
natural waveforms normally do not. 

As a result, the digital sinewave 
signal interpolation is smoothing 
the abrupt transitions, with the filter 
inserting some high-frequency waves 
before and after each transition to 
cover up the discontinuity. The result 
is what you see here. We know that the 
digital circuit must be responsible for 
the oscillations as they occur equally, Sawtooth Up 
both before and after each transition. ; — a 8 

On the other hand, the external 
DAC has some overshoot with the 
square and sawtooth waves, which is 
presumably due to the analogue filter 
circuit after the DAC chip itself. It only 
occurs post-transition. 

The sinewave signal does not 
suffer from this issue because it is 
continuous. The triangle signal does 
have a discontinuous first derivative 
(at the point of each triangle), but 
since it has a continuous waveform it 
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Fig.3: this scope grab shows the analogue output distortion 
residuals (0.06%) for a 1kHz sinewave and OdB attenuation. 


Fig.4: the distortion residuals drop to just 0.0006% (1kHz, 
OdB attenuation) when using the High-Quality Stereo DAC. 


is not badly affected. There is a little 
rounding at the tips, again likely due 
to the digital sine signal interpola- 
tion, but it is minimal. 


Aliasing 

There is an additional issue related to 
the digital filtering, and that is alias- 
ing. In fact, all DACs suffer from it to 
some extent. 

When the sample rate is set to 
96kHz, the highest frequency signal 
you can generate is 48kHz. There is a 
wrinkle, though —as you get very close 
to 48kHz, there are so few samples 
per signal that the signal form can no 
longer be properly represented. 

Basically, the digital data becomes 
ambiguous — while the frequency in- 
formation can still be extracted, the 
amplitude of each wave is no longer 
clear. Aliasing starts to become no- 
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ticeable above 44kHz (note the subtle 
variations in amplitude shown in the 
scope shot of Fig.1) and it is quite 
severe at 47kHz (Fig.2). 

The input data for the second cap- 
ture actually has a constant amplitude. 
However, aliasing does not increase mo- 
notonically with frequency. There is no 
aliasing at exactly 48kHz, for example. 

What this means is that you should 
generally avoid frequencies between 
45% and 50% of the sample rate, 
except for exactly half (ie, 48kHz in 
this case). That way, aliasing will not 
ypically be an issue. 

By the way, if you want to make 
sound effects for a science fiction film, 
try setting the signal type to triangle and 
the sample rate to 48kHz, then initiate a 
sweep from 12kHz to 24kHz. What you 
then hear is due to the aliasing causing 
frequency shifts in the output. 


Distortion 
There’s another issue to keep in mind 
when selecting the sample rate. When 
the output frequency is below about 
10kHz, the sinewave signal distortion is 
actually lower at 48kHz sampling than 
at 96kHz sampling. So, if you’re only 
going to generate low-to-mid frequency 
sinewaves and need the least distortion, 
stick with the 48kHz sampling rate. You 
can still switch to 96kHz when neces- 
sary for higher frequency output signals. 
Finally, if you have an oscilloscope, 
it’s a good idea to connect the genera- 
tor’s outputs to it and try out the various 
modes. By doing this, you will quickly 
get used to the interface and get a feel 
for how the various modes work. EPE 
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evs PRACTICAL ELECTRONICS is offering you the chance to win a Microchip 


MPLAB Starter Kit for PIC32MX1xx/2xx (DM320013). The PIC32MX1/MXz2 Starter kit is a complete 
hardware and software tool suite for exploring applications based upon Microchip’s new low cost, 
high performance PIC32MX1/MXz2 devices. 


PIC32MX1 and MX2 MCUs are low pin count 32-bit PICs that provide 61 DMIPS of performance in pack- 
ages as small as 5mm x 5mm, for space-constrained and cost-sensitive designs. They are Microchip’s 
smallest and lowest-cost PIC32 microcontrollers, and are the first PIC32 MCUs to feature dedicated audio 
and capacitive-sensing peripherals. They also feature USB on-the-go (OTG) capabilities, making them 
ideal for developing audio accessories and other applications in the consumer, industrial, medical and 
automotive markets. 


This MPLAB Starter Kit is perfect for development of basic user interfaces with mTouch buttons and high 
quality audio. The board is pre-loaded with demo code for an audio player. Simply download a free copy 
of MPLAB IDE and the demo code source from the web to jump start your development effort. 


Key features of Microchip’s MPLAB Starter Kit: 

© 24-bit audio playback © Integrated programmer debugger ® USB powered ® 2-in colour TFT display 
— 220 x 176 pixel © mTouch slider and buttons ¢ PIC32MX250F128 with 128KB of Flash, 32KB RAM 
@ Micro SD Flash card. 


HOW TO ENTER 
For the chance to win an MPLAB Starter Kit for PIC32MX1xx/2xx, visit: 
http://(www.microchip-comps.com/epe-mplab and enter your details in the online entry form 


CLOSING DATE 
The closing date for this offer is 30 June 2012 


HERE are lots of USB chargers on 
the market, but this device has 
two stand-out features: high efficiency 
and low standby current. In fact, its 
standby current is just 160A, a figure 
that’s well below the self-discharge 
current of most lead-acid batteries. 
This means that you can leave the 
device permanently connected and it 
will not cause that battery to go flat (or 
at least, not much faster than it would 
of its own accord). 


Making a connection 

Why is this useful? USB car chargers 
are cheap and plentiful, but finding 
one with a low enough quiescent 
current for permanent battery attach- 
ment is difficult. Even those marketed 
as ‘low idle power’ devices don’t 
specify how much current they draw 
on standby. 

We tested a regular charger and 
found that it consumed 13mA with 
no load. Like many others, it has an 
integrated power LED and that would 
contribute significantly to the standby 
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Looking for an efficient USB charger that can operate from a 12V 
car battery? This unit functions at up to 89% efficiency and can 
charge USB devices at currents up to 525mA. Best of all, it won’t 
flatten the battery if it’s left permanently connected, as long as you 
remember to unplug the USB device. 


current consumption. However, since 
the cigarette lighter socket is only 
powered when the engine is running, 
there is no real reason for the design- 
ers of these car supplies to keep the 
quiescent current low. 

Cigarette lighter plugs are also pretty 
lousy DC connectors. They often don’t 
fit well and can easily fall out. With 
this project, you can use whatever type 
of connector is most convenient. In 
many cases, this will mean input wires 
terminated in spade or eyelet lugs. 

While this may seem like a very spe- 
cific application, there are many other 
uses for a low-quiescent current 12V 
DC to 5V DC converter. For example, 
remote monitoring stations often run 
from a 12V SLA (sealed lead-acid) 
battery topped up by a solar panel. 
These stations invariably contain a 
microcontroller and other circuitry, 
which need a 3.3V to 5V supply. 

The current consumption in these 
devices will be low most of the time, 
but occasionally the microcontroller 
will wake up and activate a radio 


module or other circuitry which can 
draw more current. This charger can 
deliver that current — up to 500mA — 
while still being miserly with battery 
power when the load is light. 

In addition, because its efficiency is 
high (up to 89%), hardly any battery 
power is wasted, even when the load 
is drawing 500mA. 


What is quiescent current? 

So what exactly is quiescent (or standby) 
current? This term often comes up in IC 
data sheets. Its simple meaning is ‘idle 
current’, although when talking about 
regulators, it sometimes refers to the 
current consumed by the device itself, 
rather than by what it is supplying. 

In most fixed regulators, this is 
the same as the ‘ground pin current’. 
There are typically two current flows 
in a regulator — from the input to the 
output and from the input to ground. 
The ground pin current is the power 
consumed by the regulator itself. 

At higher currents, most regulators 
consume more current than they do at 
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Fig.1: this graph plots the efficiency and output voltage over the full 
output current range. As shown, the efficiency is over 80% for any 


output current above 10mA. 


idle. As a result, the quiescent current 
may be specified for different output 
currents, including the no-load case. Al- 
though the device is arguably no longer 
‘quiescent’ when it is delivering an 
output, the term is often used this way. 
Since we primarily want to minimise 
power consumption with no USB de- 
vice attached, the idle current is critical 
for this design. What’s more, a device 
with low idle current will usually also 
have low ground-pin current at higher 
loads. This is just what we want, since 
the overall efficiency is determined by 
the combination of the conversion ef- 
ficiency and ground-pin current. 


USB charging issues 

Basically, this device is a DC-to-DC 
converter. You feed 12V DC (or there- 
abouts) in at one end, and it delivers a 
5V DC output at the other end. It com- 
plies with the USB 2.0 specifications 
with regard to power; ie, it supplies at 
least 500mA at 4.75V to 5.25V. 

However, for some devices, this 
current level is insufficient for them 
to operate, and charge their battery 
simultaneously. Many of these devices 
require a custom cable or special USB 
data pin connection arrangement be- 
fore they will attempt to draw more 
than 500m4A, so that they can do both 
at the same time. 

This shouldn’t be a big problem, 
since such devices should be able to 
operate without simultaneously charg- 
ing the battery. The battery can then 
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be charged when they are switched off 
(ie, no longer being used). 

Unfortunately, many USB-powered 
devices provide no way to switch 
modes like that. However, if your 
device can operate normally from a 
computer’s USB port, it should work 
fine with this charger, since they sup- 
ply the same amount of power. 

There’s just one wrinkle here. If your 
USB device switches to a data transfer 
mode when plugged into a computer 
USB port, it may behave the same way 
when connected to this charger, even 
though the data lines (D+ and D-) 
aren't connected. Its battery will still 
charge, but the device may have to be 
unplugged to be used. 

Devices which typically behave in 
this manner are car GPS units. Plug 
them into a PC’s USB port and they 
immediately switch to data transfer 
mode (ie, for downloading software 
upgrades and map updates). This 
doesn’t stop the internal battery from 
charging via the USB port — it’s just 
the the device must be unplugged in 
order to use it as a GPS. 


Design considerations 

The first step in designing this device 
was to find an appropriate switch- 
mode regulator IC. One candidate 
that satisfies all the requirements is 
Linear Technology’s LTC1174HV. The 
HV (high-voltage) version can run 
from 6V to 17.5V (for 5V output) and 
consumes only 130A at idle, with a 


maximum output of around 500mA 
(this is also the most current that can 
be drawn from a single USB port). The 
LTC1174HV is quite efficient too. 

Unfortunately, it’s hard to get the HV 
version in a DIP package. None of our 
usual vendors stock it, so we had to 
order the low-voltage version, which 
has an absolute maximum rating of 
only 13.5V. 

This problem was solved by adding 
a low quiescent current linear pre- 
regulator to the design. This prevents 
the IC’s supply from exceeding 13V, 
regardless of the battery voltage. The 
only drawback is that it reduces the 
efficiency slightly at higher battery 
voltages, although it doesn’t add much 
to the idle current. 

However, since the battery will only 
be above 13V while it is being charged, 
the loss of efficiency under this condi- 
tion doesn’t really matter. 

The other issue is that while the data 
sheet says that switching will occur at 
around 100kHz with the components 
we are using, at light loads the burst 
mode causes switching to occur at 
much lower frequencies — in some 
cases, well into the audio range. As a 
result, the inductor used in the circuit 
makes some noise with light loads. 

We managed to tweak the design to 
minimise this noise. If you listen care- 
fully you can hear it, but if the board 
is mounted in a box and placed in a 
moving vehicle, it becomes inaudible. 


Circuit description 

Refer now to Fig.2 for the full circuit 
diagram. IC1 is the main switching 
regulator IC, while MOSFET Q1 and its 
associated parts form the low current 
pre-regulator circuit. 

Power from the external 12V DC 
source is fed in via CON1. Immediately 
following this, a 36V AC transient 
voltage suppressor (TVS1) across the 
input damps any positive voltage 
spikes that may appear on the supply 
line (eg, due to devices switching on 
or off). Diode D1 then provides reverse 
polarity and negative spike protection. 

The pre-regulator circuit (based 
on Q1) is a low quiescent current 
MOSFET-based design, especially 
developed for this type of application. 
The transconductance of MOSFET Q1 
is controlled so that the voltage at its 
drain (D) will not exceed a preset value. 
This is done using Zener diode ZD2, 
trimpot VR1 and transistors Q2 and Q3. 
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Output voltage: 4.75V to 5.25V 
Output current: approximately 525mA 

Input voltage range: 6V to 16V DC 

Input current requirement: maximum 300mA at 12.0V 
Input current with output shorted: 4.3mA 

Output ripple: 110mV p-p, 30mV RMS at 500mA 

Load regulation: 50mV at 12V, 0-500mA (1%) 

Line regulation: 16mV at 450mA, 7.0V to 13.0V (0.32%) 
No load input current: 160”A 
Efficiency: up to 89% (see Fig.1) 
Switching frequency: 10Hz to 120kHz 


BC549, BC559 


In this case, the voltage on Q1’s drain is set 
to 13V, and VR1 allows you to trim this value. 
We need to make sure the LTC1174 (IC1) can’t 
be damaged and this provides a small safety 
region (ie, 0.5V) between its supply voltage and 
its maximum rating. 


ZD1, ZD2 


D3 1N5819 


How it works 

The circuit works as follows. When power is 
applied, Q1’s gate (G) is pulled low via a 1MQ 
resistor, turning it on. Q1’s output voltage then 
rises until ZD1, a 15V Zener diode, begins to 
conduct and pass current to trimpot VR1. Once 
VR1’s wiper (moving contact) exceeds 0.65V, 
transistor Q2 turns on and this then turns on Q3. 
As a result, current now flows though Q3 and 
the 1MQ resistor. This in turn increases Q1’s gate 
voltage and switches it off. By suitably adjusting 
VR1, Q1’s output can be accurately set to 13V. 
The nominal 13V supply from the pre-regula- 
tor is decoupled using two 22uF 16V tantalum 
capacitors and a470nF MKT capacitor. Tantalum 
capacitors were chosen for two reasons: (1) they 
have much lower leakage than aluminium elec- 
trolytics and (2) they have a lower ESR at high 
frequencies than other electrolytics. 

Any capacitor leakage across the input or 
output of the switch-mode regulator adds to the 
quiescent current of the circuit, and we want to 
keep leakage to a minimum. The switch-mode 
circuit can operate at frequencies in excess of 
100kHz (occasionally as high as 1MHz) in burst 
mode, so we need to make sure the capacitors 
will be effective at high frequencies. 

The switch-mode regulator section is based on 
the schematic shown in the LTC1174 data sheet 
(‘High Efficiency 3.3V Regulator’). However, the 
50uH inductor has been increased to 100uH and 
we've added a voltage divider, since we need a 
5.0V output instead of 3.3V. See: http://cds. linear. 
com/docs/Datasheet/1174fe.pdf 

Pin 7 and pin 8 of IC1 are tied to the positive 
supply rail. Keeping pin 8 high ensures that the 
IC is always enabled, while pulling pin 7 high 
selects the higher peak current limit (600mA). 


1N5819 


Q1 IRF9540 


D1 1N5819 
Fig.2: the circuit is based on an LTC1174 switching regulator IC (IC1), while MOSFET Q1 and transistors Q2 and 


Q3 form a pre-regulator circuit. The pre-regulator prevents the supply to IC1 from exceeding 13V, regardless 


of battery voltage. 


USB CHARGER FOR CARS AND BIKES 
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That way, the current limiting will 
not kick in until an average of exactly 
500m<A is being supplied. 

The 330kQ and 110kQ resistors 
across the output form a 4:1 voltage 
divider. This sets the output voltage. 
In operation, the LTC1174 adjusts its 
output voltage so as to keep its Vpg pin 
(pin 1) at 1.25V. This means that the 
output voltage will be 1.25 x 4=5.0V. 

If you want to change the output 
voltage, use the formula R3 = R4 x 
((Vour/1.25) — 1), where R4 is 110kQ. 
For example, to set the output to 3.3V, 
replace R3 with 180kQ. In this case, 
the output would be taken from CON3 
(which is a polarised 2-pin header) 
rather than from the USB socket. 


Low battery 

The 2.2MQ and 270kQ resistors form a 
voltage divider which is applied to the 
Lgin (Low Battery Input) pin of IC1. If 
the supply falls below 11V, pin 2 will 
sink current (ie, it goes low). Header 
CON4 enables a high-brightness LED 
to be fitted to indicate the low-battery 
condition, but note that once it comes 
on, it will then run the battery flat 
even faster! 

In short, this LED is optional and 
should be left out unless you have a 
specific reason for using it. 

By contrast, diode D3 is necessary. 
It’s included to protect IC1 from an 
input supply short circuit — as un- 
likely as that may be. Without it, if an 
input short were to occur, IC1 could 
be destroyed. 

Following inductor L1 (which serves 
as the switchmode energy storage ele- 
ment), the output voltage is filtered by 
two 47uF tantalum capacitors and a par- 
allel 470nF MKT capacitor. This is nota 
great deal of capacitance, but thanks to 
the good high-frequency performance of 
tantalum capacitors, the output ripple is 
typically no more than 110mV peak-to- 
peak and 30mV RMS. Larger capacitors 
could be used here, but their leakage 
currents would be higher. 

The 5V output is fed to two different 
output sockets connected in parallel. 
CON2 is a Type A USB socket for 
recharging USB devices. For other 
devices, the output can be taken from 
2-pin polarised header CON3. 

Note that the operating temperature 
range for the LTC1174CN8 is speci- 
fied as 0 to 70°C. If you live in a cold 
or extremely hot climate and will be 
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using this device outdoors (eg, mount- 
ed outside the cabin ofa vehicle), then 
you may need to use the LTC1174IN8 
IC instead. This can operate from 
—40°C to 85°C. 


Input limitations 

Normally, the supply voltage will be 
in the range of 12V to 14.4V. However, 
the regulator will operate just fine over 
a range of at least 9V to 15.6V. In a 
vehicle, it is not unusual to get short- 
term voltage spikes in both directions. 
Suppressor TVS1, diode D1 and the 
pre-regulator combine to protect the 
device from these spikes. 

Voltages between —36V and OV will 
not harm the regulator, since D1 will 
not conduct. D1’s reverse breakdown 
voltage is —-40V, but TVS1 should ab- 
sorb spikes below —36V anyway. 

Above 15.6V, the regulator will 
continue to operate normally, all the 
way up to 36V, at which point the 
TVS clamps the supply voltage. We 
tested the regulator to 30V and it ran 
normally. However, if you were to run 
the regulator at high current and high 
voltage, Q1 would eventually over- 
heat, since it has no heatsink. 

This means that while the regulator 
will run off voltages above 15.6V, as 
can happen in a vehicle from time to 
time, it must not be run at high voltages 
for extended periods. With amaximum 
input current of about 220m<A at up to 
15.6V, MOSFET Q1’s dissipation will 
not normally exceed 572mW. 


Buck regulation 

The LTC1174 has several modes, but 
works similarly to a normal ‘buck con- 
verter’ at high output currents. 

A ‘buck converter’ is the most 
common type of step-down DC/DC 
converter. It requires a single switch 
(normally a transistor), an inductor 
and a capacitor. Fig.3 shows the basic 
scheme, and it works as follows. 

When the switch is closed, current 
flows through inductor L1 into the load 
(Path 1). This current slowly builds up 
from zero to a peak value. When this 
peak current is reached, the switch 
opens and current flows through diode 
D1 to discharge the inductor’s energy 
into the load (Path 2). 

Capacitor C1 is included to act as 
a reservoir, to smooth out the volt- 
age produced across the load. This 
voltage is dependent on the load and 


Pars List 


1 PC board, code 844, available 
from the EPE PCB Service, 
size 62mm x 49mm 

1 UB5-size plastic box — see text 

1 2-pin terminal block (5.08mm 
pitch) 

1 PC-mount horizontal Type A 
USB socket (Jaycar PS0916) 

2 2-pin polarised headers 
(2.54mm pitch) 

2 2-pin polarised header 
connectors (2.54mm pitch) 

1 100uH high-frequency 1.13A 
bobbin inductor (Altronics 
L6222) 

1 small rubber grommet 

1 M3 x 6mm machine screw 

1 MS star washer 

1 M3 nut 

1 8-pin machine tooled socket 
(optional) 

1 200kQ horizontal single-turn 
trimpot (VR1) 


Semiconductors 

1 LTC1174CN8 (IC1) (available 
from Farnell) 

1 IRF9540 MOSFET (Q1) 

1 BC549 transistor (Q2) 

1 BC559 transistor (Q3) 

1 1.5KE36CA transient voltage 
suppressor (TVS1) 

1 15V 1W Zener diode (ZD1) 

1 12V 1W Zener diode (ZD2) 

3 1N5819 Schottky diodes 
(D1 to D3) 


Capacitors 

2 47uF 16V tantalum 
2 22uF 16V tantalum 
2 470nF MKT 

1 100nF MKT 


Resistors 
1 10MQ 
1 2.2MQ 
11MQ 
1 360ko* 
1 330kQ 
* May be necessary to adjust 
regulator output — see text 


1 300k* 
1 270kQ 
1 110kQ 
1 1kQ 


duty cycle of switch S1 (ie, the time 
that it is closed compared to the time 
that it is open). It’s also dependent on 
the peak current through L1 and the 
input voltage. 

This type of circuit can be very 
efficient because voltage control is 
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SWITCH S1 


INDUCTOR L1 


Fig.3: basic scheme for a switch-mode buck converter. Voltage regulation 
is achieved by rapidly switching S1 and varying its duty cycle. Current 
flows via path 1 when S1 is closed and path 2 when it is open. 


achieved by rapidly switching the 
input. The small amount of power dis- 
sipated is mainly due to voltage losses 
in the switching device (in practice, S1 
is a switching transistor or MOSFET) 
and in L1 and D1. 

The USB Charger operates in similar 
fashion, but in this case the the switch- 
ing is performed inside IC1 (LTC1174). 

Many buck regulators operate at a 
fixed frequency, using PWM (pulse- 
width modulation) to control the 
switch duty cycle, and thus the output 
voltage. By contrast, the LTC1174 has a 
‘fixed off-time’ configuration. It varies 
the switch duty cycle by controlling 
the length of the ‘on-time’, ie, how 
long the switch is kept on for each 
pulse. This is a power-saving feature 
— it means that the frequency drops 
at light loads and the less the internal 
MOSFET has to switch, the less power 
is consumed by the IC itself. 

When the internal MOSFET switch- 
es on, current flows from Vyy (pin 6) 
to SW (pin 5) and through inductor 
L1, charging the output capacitors. 
During this period, the magnetic field 
generated by the inductor increases. 

Conversely, when the internal MOS- 
FET switches off, the magnetic field 
collapses and this continues driving 
current into the output capacitors. 
Since the internal transistor is off, 
the current instead flows from ground 
through diode D2, and then through 
the inductor. 

It is this charging and discharging 
of the inductor’s magnetic field which 
allows for efficient voltage conversion. 
When the internal transistor is on, 
the inductor nominally has 12V at its 
switch end and 5V at the output end. 
If the inductor was a resistor, then 
more than half the power would be 
wasted as heat. 

There are losses in this process, 
which is why switchmode regulator 
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efficiency is never 100%. However, it 
is still a great deal better than linear 
regulation. With a 13V input, a 5V 
output and 500mA output current, the 
input current is around 220mA. This 
gives an efficiency of (5 x 0.5)/(13 x 
0.22) = 87%. A linear regulator under 
these conditions would have just 5/13 
= 38.5% efficiency (assuming that the 
input and output currents are equal). 

If the instantaneous current through 
the inductor exceeds the IC’s internal 
current limit (nominally 600mA), the 
internal transistor switches off and the 
switch off-time is extended from 41s to 
around 12us. This gives the inductor 
time to discharge ifthe output is shorted. 


Current limiting 
One reason for this current limit, apart 
from stopping IC1’s internal transistor 
from overheating, is that inductors 
with non-air cores can ‘saturate’. Es- 
sentially, the core can only hold a 
certain amount of magnetic flux and 
its inductance rapidly drops when 
that level is reached. When it drops 
far enough, the inductor is essentially 
just a wire and if the switch is still on, 
a lot of current can flow through it. 
Because the current through the 
inductor is ramping up and down as 
the transistor switches, the average 
current is less than the peak current. 
That is why, with a 600mA limit, we 
can only draw up to 500mA. The cur- 
rent limit kicks in soon after that, and 
the output voltage drops until the cur- 
rent draw decreases below the limit. 
This protects against short-circuits 
at the output, as well as inductor 
saturation. 


Burst mode 

At lower currents, IC1 goes into 
‘burst mode’. It delivers several very 
fast pulses of current to the inductor 
(L1)over a short period, bringing the 


output voltage slightly above 5V. It 
then switches off and waits for the 
output voltage to drop below 5V and 
then starts pulsing again. 

As it is waiting for the voltage to 
drop, the IC is in ‘sleep mode’ and con- 
sumes very little power. The result is 
that at light loads, ground pin current 
is substantially lower than it would 
otherwise be without this burst mode. 

While the delay between the bursts 
makes the effective frequency of opera- 
tion much lower than at full power, 
the frequency of the bursts themselves 
is actually quite high. Frequencies as 
high as 1MHz were measured. 

This means that the noise generated 
by the inductor is a sub-harmonic of 
the switching frequency, caused by 
magnetostriction of the inductor’s core. 

If there is nothing attached to the 
regulator’s output, the feedback volt- 
age divider becomes the only load. 
Because the output voltage decays very 
slowly, the period during which the IC 
sleeps in burst mode becomes several 
hundred milliseconds. It is this long 
sleep period that allows the regulator 
to have a very low quiescent current 
with light loads or no load (approxi- 
mately 140A). 


Construction 

Building this unit is easy. All the com- 
ponents mount on a small PC board 
coded 844, size 62mm x 49mm. This 
is board is available from the EPE PCB 
Service. 

The board snaps into the integral 
channels in a standard UB5-size plastic 
box. The USB socket is accessed through 
a hole cut in one side of the box, while 
a hole at one end provides access to the 
input screw-terminal block. 

If you want something that’s a bit 
more robust, a small IP67-rated box 
can be used instead. In this case, 
the board can be mounted on M3 x 
12mm tapped stand-offs and secured 
using M3 x 6mm machine screws and 
washers. 

Note that because this unit is likely 
to be exposed to a lot of vibration, we 
have not specified a socket for the IC. 
You can use one if you prefer, but make 
sure it is a machine-tooled type, as the 
IC is less likely to work its way loose. 

Before starting the assembly, care- 
fully check the PC board for defects. 
Most of the underside is covered by a 
ground plane. Make sure that there are 
no unintentional connections between 
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Fig.4: follow this parts layout diagram and the accompanying photo to assemble the PC board. Make sure that all 
polarised parts are correctly oriented and don’t get the transistors mixed up. 


this ground plane and any of the other 
copper tracks, as could occur if the 
board is under-etched. 

If you are going to install the board 
in a UB5-size case, check that it fits cor- 
rectly by snapping it into place. It may 
be necessary to file the edges slightly 
if it is too large. Even if it’s just 0.1mm 
too wide, that can make the plastic case 
bulge slightly when it is in place. 

Once you are satisfied the board is OK, 
install the resistors. Check each resistor 
with a DMM before installing it on the 
board, to ensure the values are correct. 


Semiconductor mounting 

That done, install the diodes, starting 
with the two Zeners (ZD1 and ZD2), 
then the three 1N5819 diodes (D1 to 
D3). Don’t mix them up, and be careful 
with their orientation. 

Next, bend the MOSFET’s leads 
down by 90° exactly 5mm from its body 
and mount it on the PC board. Check 
that its metal tab mounting hole lines 
up with the board, then fasten it to the 
board using a 3mm machine screw from 
the top and a star washer and M3 nut 
on the underside. Do the nut up firmly, 
then solder and trim the leads. 


(SIDE OF UB5 BOX) 


Note: don’t solder the MOSFET’s 
leads first. If you do, you could stress 
and crack the the copper tracks on the 
PC board as the mounting screw is 
tightened. Always install the mount- 
ing screw before soldering. 

Next, install the IC socket if you have 
decided to use one. Follow this with 
the transient voltage suppressor (TVS1) 
— its orientation doesn’t matter — then 
install the two small-signal transistors 
(Q2 and Q3). Note that Q2 and Q3 are 
different types, so don’t get them mixed 
up. Q2 isa BC549 NPN transistor, while 
Q3 is a BC559 PNP type. 

If their leads are too close to fit 
through the holes, bend them outwards 
near the body of the transistor with 
small pliers, then back down again. 

The PC-mount USB socket (CON2) 
is next on the list. Be sure to press it 
down firmly so that it sits flush against 
the board, then solder its two metal 
tabs to secure it in place. That done, 
solder the four pins, taking care to 
avoid bridging them. 

Trimpot VR1 and the three MKT ca- 
pacitors can now go in, followed by the 
four tantalum capacitors, inductor L1 
(this can go in either way around) and 


ALL DIMENSIONS IN MILLIMETRES 


the screw terminal block (CON1). Push 
the terminal block down firmly onto 
the board and make sure its entry holes 
face outwards before soldering its pins. 
Be careful also with the orientation 
of the tantalum capacitors. A ‘+’ will be 
printed on the case above the positive 
lead — just line it up with the ‘+’ sign 
on the board overlay diagram, Fig.4. 


Vibration proofing 
If the unit is to be used in a vehicle, 
it’s a good idea to apply some silicone 
sealant around the base of each tantalum 
capacitor and TO-92 transistor. The idea 
is to glue them to the PC board so that 
they can’t vibrate and break their leads. 
Be sure to use neutral-cure silicone 
sealant (the type without acetic acid). 


Set-up and testing 
Before soldering in the IC, it’s a good 
idea to adjust the pre-regulator voltage. 
To do this, connect a power supply 
that can provide from 14V to 30V to 
the input terminal block, with an am- 
meter in series. It’s best to start at the 
lower end of that voltage range. 

Turn on the supply and check the 
current; it should be less than 1mA. If 


Fig.5: this diagram can be copied and used as a drilling template for the USB socket cutout in the side of the case. 
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| 
| Save } Oetout 
tow 2 Ls ae hi. 


oscillations in the green trace. 


it is more than 1mA, then something 
is wrong — turn it off and check for 
assembly errors. 

Now check the voltage between pin 
8 and pin 4 for IC1. It should be in the 
range of 12V to 14V. Adjust trimpot 
VR1 until it reads 13V (or just under). 
If you want to be extra cautious, you 
can set it to 12.5V for a slight loss in 
efficiency. 

Once the reading is correct, discon- 
nect the power and install the IC to 
the PC board. Make sure it goes in the 
right way around. 

Now power the board using a 9V to 
16V supply and check the output volt- 
age. The easiest way to do this is to check 
the voltage across pin header CON3. 


Press to Quct Pont 
Save 


Fig.6: this shows the output voltage (yellow) and switching 
(green) waveforms at 10mA. The long off-time relative to the 
on-time can be seen. The device is operating in discontinuous 
mode - the inductor current falls to zero, causing the 


trace. 


The output should be very close 
to 5.0V, or if you have changed the 
output divider, your target voltage. It 
will be moving up and down slightly 
due to the burst mode regulation, 
but should not vary by more 0.2V. If 
it is not being properly regulated to 
5V, disconnect the power and check 
for faults. 

It’s possible that the output volt- 
age could be below 4.85V, due to a 
combination of the tolerance of the 
voltage feedback divider resistors and 
the tolerance of the LTC1174’s internal 
reference voltage. If this is a case, re- 
place the 330kQ feedback resistor with 
a 360kQ resistor. This will increase the 
output voltage by 6.8%, ensuring that 


Fig.7: this scope shot shows the output voltage waveform 
at 450mA. The device is switching continuously and so the 
frequency is much higher. There is evidence of occasional 
burst-mode operation, as can be seen near the centre of the 


it never drops below the minimum 
USB supply limit of 4.75V. 
Conversely, if the output is above 
5.2V, replace the 330kQ feedback resis- 
tor with a 300kQ resistor, to reduce the 
output voltage by 6.8%. However, in 
most cases, the output will be within 
50mV of the programmed voltage with 
the recommended 330kQ resistor. 


Installation 

If you are going to install the board in 
a UB5-size plastic box, you will first 
need to make a cutout for the USB 
socket. Fig.5 shows the cutting details 
and this diagram can be copied and 
used as a template. You will also have 
to drill a hole in one end of the box to 


Recharging Apple USB Devices 


USB TYPE A 


Fig.8: the data pin biasing arrange- 
ment for iPod nano 2nd generation 
players. 


Some USB devices require their D+ and 
D- pins to be biased for charging to oc- 
cur. These devices include the iPod nano 
1st generation and 2nd generation music 
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+5V 


USB TYPE A 
SOCKET 
Vee 


ov 

Fig.9: the biasing arrangement for iPod 
nano 1st generation players and 5th 
generation iPod video. 


players, the 5th Generation iPod video, 
the iPhone 3G and the iPod touch 2nd 
generation player. 

This biasing can be achieved using 


+5V 


Fig.10: the biasing arrangement for 
the iPhone 3G and iPod touch 2nd 
generation player. 


resistors, as shown in the accompanying 
diagrams. All resistors are 0.25W and 
they can be installed by adding them to 
the copper side of the PC board. 
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The PC board snaps into the side channels of a 
standard UB5-size plastic case. A blob of hot-melt 


glue can be used to stop the grommet for the input 


leads from working loose. 


Fig.11: this shows the output voltage during standby 


operation. Note the low frequency of operation due to 


the long sleep time and burst mode. 


accept a grommet for the input leads 
or connector. 

After that, the board should simply 
snap into place. It’s best to introduce 
the side with the USB socket first, 
and then gently push the board into 
place. 

Alternatively, as previously stated, 
you can mount the board in the 
case of your choice and secure it on 
threaded standoffs using M3 x 6mm 
machine screws. A 500mA in-line 
fuse on the input side is a good idea, 
although the IC’s current limiting 
should normally protect the power 
supply. 

As a final check, once the supply 
is wired up, it’s a good idea to use a 
multimeter to measure the voltage at 
the USB socket before attaching any 
devices. There are four pins in the 
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USB socket — touch the multimeter 
probes to the two outer pins, being 
careful to avoid shorting them to 
adjacent pins or the surround. If the 
multimeter reads close to 5.0V (or 
your target voltage), then it’s working 
properly. 

That’s it! If you are using the USB 
Charger to power USB devices in a 
vehicle, don’t forget to unplug them 
when they are not in use, or you could 
still flatten the battery. 

Alternatively, if you power the de- 
vice via the cigarette lighter socket, 
it will be automatically switched off 
when the ignition is switched off. EPE 


Reproduced by arrangement 
with SILICON CHIP 
magazine 2012. 
www.siliconchip.com.au 


Compact Control Design — 


New radio products 
gateway 


Boxed or PCB version. 

Relays commands and data between 
GPRS/SMS and radio. 

Various power supply options. 

PIC micro and 64MB flash. 

SIM free. 


USB-SMS 


Add SMS/GPRS to 
your PC, Mac or 
laptop. 


Emulates CDC device so will work 
with any software that can access a 
serial port. 

Data logging software available. 


Remote logger 


Boxed or PCB version. 1 input. 
Measures- 

Switch (remote control or metering) 
Pulse (metering applications) 
Voltage, Current or Temperature. 
Boxed version has 1/2 AA lithium cell 
with 10 years expected life. 


USB radio 
in USB dongle. 


Emulates CDC { = 


device, appears as a serial port. 
Implements simple data link, point to 
point, networks, groups etc. Data 
logger and management software 
available. 


Simple radio 
Includes UART port, 
send data into one 
device and it comes out 
of the others, no config 
needed. Also supports- 
Point to point, groups, 
networks etc. 

Low duty cycle mode for 
low power apps. 
Includes PIC micro. 


Radio transceiver 


www.compactcontrol.co.uk 
Phone: +44 1260 281694 
Fax: +44 1260 501196 
sales@compactcontrol.co.uk 
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High efficiency solar lighting system with MPPT 
and three-stage charging... 


Need lighting away from a power source? Try this one: it’s ideal for your 
garden, shed or even a campsite. With a 5W solar panel, a 12V SLA battery 
and a smart controller, it has three-stage charging for the battery and 
Maximum Power Point Tracking (MPPT) for the solar panel. 
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O, it’s not the old joke about the bloke w 
Ne solar-powered torch! 

Solar-powered lighting is ideal wh 

practical or unsafe to install mains-powered 

be installed just about anywhere, and best of 

costs are zero because it uses energy from the sur 

In its simplest form, solar-powered lighting co 
solar panel, a battery, and a lamp that can be swit 
and off. But you do need to ensure that the battery 
over-charged during the day or over-discharged at 
so you need some sort of charge and discharge contro. 

The block schematic of our Solar-Powered Lighti 
Controller is shown in Fig.1. The solar panel, the battery 
and the lamps connect to the Controller, allowing full man- 
agement of charging and lighting. Additional inputs to the 
Controller include a light sensor to monitor the ambient 
light, a passive infra-red (PIR) detector and a timer. 

For use in garden lighting, the light sensor allows the 
lights to switch on at dusk and they can remain lit for a 
preset period of up to eight hours, as set by the timer. Alter- 
natively, you may wish to have the lights lit for the entire 
night and to switch off automatically at sunrise (subject, 
of course, to sufficient battery charge). 

For security or pathway lighting, the lights can be set to 
switch on after dusk, but only when someone approaches 
the area. In this case, a PIR movement detector switches 
on the lights, while the timer switches off the lights after a 
predetermined period, typically about one to two minutes, 
but ‘settable’ up to the 8-hour timer limit. 

For shed lighting, you may opt to switch the lights on 
and off using a remote pushbutton switch. They can remain 
on until they are switched off again or they can switch 
automatically after a preset period, or at sunrise. 

Normally, the Controller would be set so that the lights 
can only come on when it is dark. However, you might want 
the lights on during day ina shed, and this is also possible. 


12V/5W SOLAR PANEL 


SOLAR 
UGHTING 
CONTROLLER 


REMOTE 
SWITCH 


Fig.1: this shows the arrangement of our Solar Lighting 
Controller. The solar panel, SLA battery and the lamps 
connect to the Controller. Optional inputs to the controller 
include a light sensor to monitor the ambient light, a PIR 
detector and a timer. 
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Best efficiency is o 
in series. ~S 

The total wattage of the li 
tion. We recommend that the Control 
10W of lighting, when the lights are 1 
of 2.5 hours each day. = 

Lower wattage lighting can give longer lightin; 
For example, 3W of lighting can be used for around sev 
hours per day. 

The restriction on the lighting wattage and usage depends 
mainly upon the solar panels and their ability to recharge the 
battery each day. The specified 5W solar panel is ideally suited 
for recharging a partially discharged 3.3Ah battery during the 
day, assuming at least six hours of winter sunlight is available. 

Summer time will obviously provide more hours of 
sunlight for charging, but then there will usually be less 
need to use the lights because of the reduced night period. 

Lead-acid batteries (including SLAs, despite popular 
belief to the contrary) will be seriously damaged or ren- 
dered inoperative if they are fully discharged and/or left 
in a discharged state. Hence, we have included low battery 
detection. Should the battery become discharged below 11V, 
the lights will switch off. 


Low standby current 

Standby current drain of the Solar-Powered Lighting 
Controller is low to conserve battery power; this has been 
achieved without using special components, apart from 
the PIR sensor. This sensor is designed for use with battery 
equipment where current drain is a major consideration, 
and is available from Altronics (Cat SX5306). We measured 
current drain on our sample unit at 73uA from a 12V sup- 
ply. This rises to 1.3mA with movement detection, due to 
lighting of the internal detection indicator LED. Overall 
quiescent current for the Controller is 2.8mA. 


Three-stage charging 


The Controller charges the SLA (sealed lead-acid) battery 
from the solar panel in three stages, as shown in Fig.2. First 
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——— CUTOFF VOLTAGE 


FLOAT VOLTAGE 


Fig.2: this shows the three charge stages. First is the initial 
bulk charge until the battery reaches the cutoff voltage. Then 
the absorption stage to fully charge the battery and then the 
float charge at a lower voltage to maintain charge. 


is the ‘bulk charge’, applied when the battery voltage drops 
below 12.45V. This charge cycle applies maximum power 
from the solar panel until the battery voltage reaches cut- 
off at 14.4V, @ 20°C. 

Next, is the ‘absorption’ phase, where the battery is 
maintained at the cut-off voltage for one hour, to ensure 
the battery becomes fully charged. After that, the battery 
is maintained on ‘float’ charge at 13.5V. 

The cut-off voltage for the bulk charge and the float voltage 
is reduced for temperatures above 20°C, in accordance with 
battery manufacturers’ charging specifications. Typically, 
this is 19mV per °C for a 12V battery. So at 30°C, the voltages 
are reduced by 190mYV, ie, 14.21V and 13.31V respectively. 

Ambient temperature is measured using an NTC (nega- 
tive temperature coefficient) thermistor located within the 
Controller. The monitored ambient temperature should 
be similar to that of the battery, provided it is located in 
the same area as the Controller. The thermistor can also 
be located adjacent to the battery, if required, for a more 
accurate temperature measurement of the battery. 

No charging will occur if the thermistor is shorted or if 
it is not connected. This feature is useful when the ther- 
mistor is remotely located and the wiring could become 
shorted or broken. An LED indicator flashes momentar- 
ily, once every two seconds, when the thermistor is open 
circuit, and momentarily once per second when shorted. 

Charging is also indicated using the same LED indicator. 
Bulk charge is indicated with the LED on continuously; it 
flashes on for 0.5s and 0.5s off for the absorption, and one 
second on, one second off during float. 

A battery that has been discharged below 10.5V will be 
charged using short bursts of current until it reaches 10.5V, 
then the main charge will begin. This initial charging will be 
indicated by a short flash of the charge LED every four seconds. 


MPPT and charge optimisation 


The Controller optimises the available charge from the solar 
panel. As shown in Fig.3, a typical solar panel provides an 


40 


output that follows the curve that ranges from maximum 
current when the output is shorted (Isc) to maximum volt- 
age when the output is open circuit (Vgc). 

For the Altronics NO005 solar panel featured in this 
article, Isc is 320mA and Vgc is 21.6V. Maximum power 
is 5.05W at 290mA and 17.4V. 

When we consider the power delivered to the battery, 
the story becomes more interesting. If we were to connect 
the solar panel directly to the battery, the charge current 
would be about 320mA at 12V (3.84W) and about 300mA 
at 14.4V (4.32W). Both these values are less than the 5.05 W 
available from the solar panel at 17.4V. 

The solar panel operates at peak efficiency when it is 
delivering maximum power. And that is where the Maxi- 
mum Power Point Tracking (MPPT) aspect of the controller 
comes into play. 

It is essentially a switch-mode step-down power con- 
verter, which couples the available power from the solar 
panel to the battery with minimal power loss. At the same 
time, it provides three-stage charging to the battery. 

How this takes place is shown in Fig.4. Current from 
the solar panel flows through diode D1 via Q1. When Q1 is 
on, current (i1) flows through inductor L1 into the 470uF 
capacitor and the battery. The inductor magnetic field 
grows (ie, current rises to its maximum value) and after a 
short period, Q1 is switched off and the stored energy in 
L1 maintains current flow (i2) via diode D2. 

The ratio of the on to off period (duty cycle) for Q1 is 
controlled so that the solar panel delivers its maximum 
power. The solar panel is not required to supply the peak 
current into the inductor, as this is drawn from the 470uF 
reservoir capacitor, C1. Similarly, capacitor C2 acts as a 
reservoir to charge the battery when current is not flowing 
through the inductor. Incidentally, these capacitors are 
low ESR (effective series resistance) types, suited to the 
switching frequency of 31.24kHz. 

The voltage from the solar panel is monitored by op amp 
1C2a, while the current is monitored by measuring the 
voltage across a 0.19 resistor. This voltage is multiplied 
by —50 in op amp IC2b. Both op amps feed their signals 
to microcontroller IC1, which controls the whole circuit. 


I(mA) 
Aree Oh at od waa ee 


Ike = B20mA 


itolets teen a 


290mA 390. 


8 10 12 14 16 18 20 22 24 
17.4V 


Fig.3: the solar panel provides an output that follows this curve, 
ranging from maximum current when the outputis shorted (Isc) 
to maximum voltage when the output is open circuit (Voc). For 
best efficiency, it is necessary to operate the solar panel at its 
maximum power point. 
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Here’s the controller mounted inside its box. 
It snaps into place on the integral PC board 
supports. The cable glands on the left side 
make it fairly water-resistant — but this box is 
definitely NOT waterproof! 


Circuit details 

The full circuit diagram for the Solar-Powered Lighting 
Controller is shown in Fig.5 and is based around a PIC16F88 
microcontroller, IC1. It monitors IC2, the PIR sensor, switch 
S1, light-dependent resistor LDR1 (for day/night sensing), 
the NTC thermistor and also controls lamp operation via 
MOSFET Q4. 

For operation using the Altronics SX5306 PIR detector, 
output from the PIR is normally at OV, but when it detects 
movement, the trigger output goes high to 4.5V. Output 
impedance of this PIR is high, at about 700kQ, so it cannot 
provide much current before the voltage drops significantly. 


A=1 
(IC2a) 


Constructional 


Hence, the input loading for this sensor signal is 10MQ. 

Note that resistor R2 is not used with the SX5306 PIR sen- 
sor. R2 is included if a standard PIR detector is used. Many 
standard PIR detectors include a relay with normally-closed 
contact that opens when movement is detected. With R2 in- 
cluded, this provides a pull-up to 5V when the contact opens. 

A 12V power supply for either type of PIR detector is 
included. 

A pushbutton switch (S1) is monitored by the RB1 input 
(IC1 pin 7), normally held high at 5V with a 10kQ pull- 
up resistor. Pressing the switch pulls the RB1 input low. 
Switch S1 is included on the Controller PC board for test 


+ 12¥) - 
SLA BATTERY 


Fig.4: charging the battery from the solar panel uses a switch-mode 


circuit. Current from the solar panel flows through reverse-polarity 


BUFFER 


protection diode D1 via Q1. (D1 also prevents the battery discharging 


into the solar panel at night via the internal diode in Q1). When Q1 


A=-50 
(IC2b) 


is on, current (i1) flows through inductor L1 into the 470uF capacitor 
and the battery. The inductor magnetic field grows (ie, current rises 
to its maximum value) and after a short period, Q1 is switched off 


and the stored energy in L1 maintains current flow (i2) via diode D2. 
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purposes, but an external on/off (pushbutton) switch can 
be connected as well. The 100nF capacitor at RB1 prevents 
interference when long leads are used to an external switch. 

Ambient light is monitored using the light dependent 
resistor (LDR1) at the AN5 analogue input of IC1 (pin 12). 
The LDR forms a voltage divider with the series-connected 
100kQ resistor and VR5 connecting to the 5V supply. In 
normal daylight, the LDR has a low resistance (about 10kQ), 
but this rises to over 1MQ in darkness. Therefore, the volt- 
age at the AN5 input will be relative to the ambient light. 
If the voltage across LDR1 is below 2.5V, IC1 determines 
it is daylight; above 2.5V it reads it as dark. 

This measurement is made when MOSFET Q6 is 
switched on, tying the lower end of the LDR close to OV. 
VR5 allows threshold adjustment of the LDR sensitivity. 


Link options 

There are three options available for turning on the LED/ 
light: (1) only at night, (2) only in daylight, or (3) either. 
The position of link LK1 selects the first two options, while 
the third option operates with the link in the ‘night’ posi- 
tion, but has the LDR left out of circuit. 

The lamp can be switched on using the pushbutton 
switch S11 (internal or external), provided the ambient light 
level is correct according to the selection made with LK1. 

When link LK2 is in the PIR position, the lamp can also 
be switched on when the PIR detects movement; again de- 
pendent on ambient light, according to the LK1 selection. 


Specifications 
Lamp driver 
Lamp current 


If PIR operation is selected with LK2, but the PIR detec- 
tor is not connected to the circuit, then the lamp can only 
be switched on with S1. 

If LK2 is set to the LDR position, the PIR does not switch 
on the lamp — the lamp is switched on at the change of 
ambient light, day to night or night to day (again, depend- 
ent on link LK1). 


Built-in timer 
The lamp can also be switched off with a timer, or ambi- 
ent light. The various options are summarised in Table 1. 
The lamp ‘on’ period is adjustable using trimpot VR4, 
which connects between 5V and the drain (D) of Q6. When 
Q6 is switched on, trimpot VR4 is effectively connected 
across the 5V supply. The wiper voltage is monitored at 
the ANO input of IC1 (pin 17). We’ll cover the procedure 
to set VR4 later. 


Lamp driver 

The Controller includes a constant current lamp driver, 
which can power LEDs or standard 12V incandescent 
lamps. Current control is important for LEDs, because with 
voltage control, small variations in the supply voltage can 
result in large changes in the current flow. 

MOSFET Q4 and its associated components form an 
active current sink. Q4’s transconductance is varied in 
response to the voltage developed across resistor R1, which 
is proportional to the lamp current. 


Constant current LED drive 
Typically less than 350mA for 1W LEDs or less than 1A for 3W LEDs, 


or at 2A for 12V halogen and 12V LED lamps 


Lamp timer 

LED driver 
Lamp switch on 
Lamp Switch off 
Low battery lamp off voltage 11V 
Quiescent current .............:00 2.8mA 
Charging voltage 


2s to 8h, see Table 3 (next month) 

Up to three white LEDs in series; 1W or 3W types 
Via ambient light change, PIR sensor and switch 
Via ambient light change, timer or switch 


14.4V at 20°C for main bulk charge and absorption cut-off voltage; 


float is 13.5V @ 20°C 


Compensation. .............cccceeeee Adjustable from 0 to 50mV per °C, reducing charge voltage above 20°C and 
increasing below 20°C; no increase below 0°C. 


Open or short circuit (Charge LED flashes 262ms every 2s for open circuit, 
and 262ms every 1s for short circuit) 


At less than 10.5V charging via a 6.25% duty cycle charge burst 
(Charge indicator flashes 260ms each 4.2s) 


When battery drops below 12.45V or the equivalent of 75% charge 

Bulk charge: Continuously lit 

Absorption: flashing at 0.5s on, 0.5s off 

Float: 1s on and 1s off 

Charging can start when solar panel is >12V 

Switch-mode power converter at 31.24kHz maintains solar panel operation 
at maximum power output. 


Thermistor warning 
Low battery charge 


Bulk charge initiation 
Charge LED indicator 


Charger 
Charger operation 
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Table 1: Lamp operation 


IC1’s RBO output at pin 6 switches on the lamp by ap- 
plying 5V to Q4’s gate, allowing current to flow from its 
drain (D) to source (S). If the current through R1 rises 
enough for the voltage across it to exceed 0.6V, transistor 
Q5 turns on and reduces Q4’s gate voltage. This reduces 
the current flow. A steady state arises so that the voltage 
across R1 is kept at approximately 0.6V. 

IfR1 is 2.2Q, about 270mA will flow through Q4 and the 
lamp. Trimpot VR6, in combination with the 82kQ resistor, 
acts as a voltage divider, allowing the current flow to be 
adjusted upwards. If VR6 is set for maximum resistance, 
then the voltage across R1 will be 0.76V before Q5 turns 
on, allowing up to 345mA through the lamp. 

The value of 2.2Q for R1 is suitable for a lamp consisting 
of three 1W white LEDs in series. Their combined forward 
voltage is about 10.5V. With 0.76V across R1, this means 
that there will be 0.74V across Q4 (its minimum drop is 
around 0.1V in this case). With this setup, the lamp driver 
consumes some 0.51W (1.5V x 340mA) and the LEDs 
consume a total of 3.57W. Thus, efficiency is about 87%. 

If the 270mA to 340mA range is inadequate, then R1’s 
value can be changed. For 3W star LEDs, use 0.68Q, 
which results in a range of 0.9A to 1.1A. For standard 
12V lamps, the current regulator serves as short-circuit 
protection — a 0.33Q resistor allows up to 2A before 
limiting occurs. 


Charging 

For charging, we use the switch-mode step-down circuit 
previously described in Fig.4. MOSFET Q1 is a P-channel 
type that switches on with a gate (G) voltage that is negative 
with respect to the source (S). The voltage at Q1’s source 
(from the solar panel and diode D1) can range up to about 
21V when the solar panel is not delivering current. 
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The gate is pulled negative with respect to the source 
via transistor Q3, a 10Q resistor and diode D3. Transistor 
Q3 is pulse-width-modulated by the RB3 output of IC1 
(pin 9) via a 4.7kQ resistor. 

When RB3 goes to 5V, Q3 is switched on and pulls the 
gate of Q1 low. The MOSFET is therefore switched on. 

Transistor Q2 is held off due to its base being held lower 
than the emitter via the forward-biased diode D3. 

The 100 resistor at the collector of Q3 limits initial Zener 
diode current through ZD1 in the event that the gate voltage 
exceeds 18V. This Zener protects Q1’s gate from breakdown 
due to excessive gate voltage. With extreme over voltage, 
transistor Q3 will come out of saturation, preventing little 
more than about 20mA current through the 18V Zener diode. 

When the output of RB3 is taken to OV, transistor Q3 
switches off, and the base of Q2 is pulled to the Q1 source 
voltage via a 10kQ resistor. Transistor Q2 switches on and 
pulls the gate of Q1 to the source and so switches off Q1. 
The switch-on and switch-off action for Q1, as controlled 
by the RB3 output of IC1 is at 31.24kHz. 


Battery voltage monitoring 

Battery voltage is monitored at IC1’s AN2 input via opto- 
coupler IC3 and a resistive divider comprising a 22kQ resis- 
tor and 20kQ trimpot, VR2. This divider, or more properly 
the trimpot, is adjusted so that the voltage appearing at 
AN2 is actually 0.3125 times the battery voltage. 

The reason for this is so that the 5V limit of analogue 
input AN2 is not exceeded — for example, a 15V battery 
voltage will be converted to just 4.69V. We’ll cover this 
procedure in the setup later. 

The resistive divider is not directly connected to the bat- 
tery, but via the ‘transistor’ within optocoupler IC3, which 
connects the battery voltage to the divider whenever the 
LED within IC3 is on. The voltage between the collector 
and emitter of the transistor has a minimal effect on the 
battery voltage measurement, as it is only around 200uV. 

The divided voltage is converted to a digital value by 
the IC’s firmware. 

The optocoupler LED is driven from the 5V supply 
through a 470Q resistor and to OV when MOSFET Q6 is 
switched on. The thermistor (NTC1) forms a voltage di- 
vider with a 10kQ resistor across the supply when Q6 is 
switched on. The AN6 input to IC1 (pin 1) monitors this 
voltage and converts it to a value in degrees Celsius. 

At the same time, IC1’s AN1 input (pin 18) monitors the 
setting of trimpot VR3, which is also effectively connected 
across the 5V supply when Q6 is switched on. The AN6 
and AN1 inputs are converted to a mV/°C value, which 
can range from OmV/°C when VR3 is set to OV, to 50mV/°C 
when VR3 is set for 5V. 


Power saving 

As we just mentioned, MOSFET Q6 connects trimpotsVR3 
and VR4, the LDR and the NTC to OV, and also powers 
the optocoupler LED. Q6 is powered on with a 5V signal 
from the RB5 output of IC1 (pin 11). The MOSFET then 
momentarily connects these sensors to OV, so the IC1 micro- 
controller can measure their values. When Q6 is off, these 
trimpots, sensors and battery divider are disconnected from 
the supply to conserve the power drain from the battery. 
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1 PC board coded 845, available from the EPE PCB Service, size 133mm x 86mm 


1 UB1-size plastic box 157mm x 95mm x 53mm 


4 3-way PC mount screw terminals 5.08mm pin spacing (CON1,CON2) 


1 2-way PC mount screw terminals 5.08mm pin spacing (CON1) 


1 100uwH 3A Choke (Jaycar LF1272 or equivalent) 


1 SPST PC mount tactile membrane switch with 3.5 or 4.3mm actuator (S1) 
1 10kQ NTC thermistor (Altronics R4290, Jaycar RN3440 or equivalent) 
1 LDR with 10kQ light resistance, 1MQ dark resistance (Jaycar RD3480 or equivalent) 


4 IP68 cable glands for 6mm cable 

2 4.8mm female spade crimp connectors 

1 DIP 18-pin IC socket 

2 M205 PC mount fuse clips 

1 3A M205 fast-blow fuse 

1 TO-220 U-shaped heatsink 19mm x 19mm x 10mm 

1 M3 x 10mm screw, nut and washer 

2 PC stakes (TP1,TP2) 

1 2-way pin header with 2.54mm pin spacing (TP3,TP4) 


2 3-way pin headers with 2.54mm pin spacings (LK1, LK2) 


2 jumper shunts for pin headers 
1 100mm cable tie 


1 100mm length of 0.7mm tinned copper wire or 4 0Q links 


Semiconductors 

1 PIC16F88-I/P programmed microcontroller (IC 1) 
1 LM358 dual op amp (IC2) 

1 4N28 optocoupler (IC3) 

1 TL499A regulator (IC4) 

1 IRF9540 P-channel MOSFET (Q1) 
3 BC337 NPN transistors (Q2,Q3,Q5) 
1 2N7000 N-channel MOSFET (Q6) 

1 IRF540 N-channel MOSFET (Q4) 

2 1N5822 3A Schottky diodes (D1,D2) 
1 1N4148 switching diode (D3) 

1 18V 1W Zener diode (ZD1) 

1 30V 1W Zener diode (ZD2) 

1 3mm high intensity red LED (LED1) 


Capacitors 

2 470uF 35V (or 50V) low ESR 6 100nF MKT polyester 
1 100uF 16V 3 10nF MKT polyester 
1 10uF 35V 2 1nF MKT polyester 


Resistors (0.25W 1%) 
110MQ25% 2100kQ 
4 10kQ 3 4.7kQ 
2 4702 1 1002 


Resistors (5W) 
10.19 


2 22kQ. 
4 1kQ 


1 82kQ 
2 2.2kQ 
3 102 


1 0.33Q — 3.30 (value selected from 
Table 2 — next month) 


Mini horizontal trimpots (5.08mm pin spacings) 
2 10kQ (VR3,VR4) 

3 20kQ (VR1,VR2,VR6) 

1 500kQ (VR5) 


Miscellaneous 

1 12V 3.3AH SLA battery 

1 12V 5W solar panel array (Altronics NO005 or NO704, 
Jaycar ZM9091 or ZM9026 or equivalent) 

Figure-8 wire, solder, 4-way alarm cable. 
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Software 

All software program files for the Solar-Powered 
Lighting Controller will be available from the EPE 
website at www.epemag.com. 


WE DO NOT SUPPLY READY-PROGRAMMED 
MICROCONTROLLERS 


Additional Parts (as required) 

1 Altronics low current PIR movement detector 
(IR-TEC IR-530LC) (Altronics SX5306) 

or 

1 PIR movement detector with NC relay contacts 
(preferably with 1mA or less standby current 
— will also need R2, an extra 100k resistor) 


LEDs 

1W white LEDs (Jaycar ZD0424, ZD0426, 
ZD0508, ZD0510) (Altronics 20251, Z0252A) 

3W white LEDs (Jaycar ZD0532, ZD0534, 
ZD0442, ZD0-0444) (Altronics Z0258A, 
0259A 


LED drivers (see text; Controller has LED driver built in) 
Jaycar AA0592, Altronics M3310 for 1-6 LEDs 
at 1W 
Jaycar AA0594 for 1-6 LEDs at 3W (Altronics 
M3320 for 1-3 LEDs at 3W) 


12V lamps 

IP67 3-LED modules (eg, Jaycar ZD0490) 
MR16 lamps (eg, Jaycar ZD-0346-ZD0349) 
10W Halogen (eg, Altronics 22400) 

12V DC LED Globes (eg, Altronics X2150) 
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Internal (above) and external shots of our 3-LED light, which 
is perfect for this controller. You can just see the blurry LEDs 
through the translucent lid in the photo below. Construction 
details will follow next month. 
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One problem with using Q6 to make the OV connection 
for the trimpots, battery and sensors is that these sampled 
voltages cannot be measured easily with a multimeter. This 
is because a multimeter will not be fast enough to capture 
the voltage as Q6 switches on momentarily. And we do 
need to measure some of these voltages for setting up. 

For example, we need to be able to set VR2 so that the 
battery divider is correct, and to measure the timer and 
mV/°C values set with VR4 and VR3. In order make these 
measurements; Q6 is switched whenever S11 is pressed. 

Other power saving methods includes how the charge 
LED (LED1) is driven. It is only used to show charging when 
there is supply available from the solar panel. Current to 
drive the LED is therefore provided from the solar panel 
instead of the battery. The only time this LED will light 
using battery power is if the thermistor is open or short 
circuit. In these cases, the LED flashes these indications 
at a low duty cycle, again conserving power. 

Op amp IC2 is also powered from the solar panel itself. 
This arrangement is suitable because we only want to 
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measure the solar panel voltage and its current whenever 
the solar panels are generating power. 

Power for IC2 is derived from the solar panel via a 1002 
series resistor. A 30V Zener diode limits transient voltages 
that could occur in long wiring that connects between 
the controller and the solar panel. Diode D1 prevents the 
battery from powering IC2 via Q1’s internal diode and L1. 


Solar panel monitoring 

Solar panel voltage is monitored using a 22kQ and 4.7kQ 
voltage divider. A 100nF capacitor filters any transient 
voltages or noise that could be induced through long leads 
from the solar panel. The voltage is buffered by IC2a and 
the output is applied to the AN3 input of IC1. The voltage 
divider ratio allows for measurement of up to about 28V 
from the solar panel. Should IC2a’s output go above 5V, 
the 2.2kQ resistor limits current into IC1. 

Current through the solar panel is measured by the 
voltage developed across a 0.19 5W resistor. The voltage 
is only around 30mV with 300mA flowing. Voltage at the 
negative terminal of the panel does go (slightly) negative 
with respect to OV when there is a solar panel current flow. 

This voltage is inverted and amplified by IC2b, which 
has a gain of —50. Therefore, IC2b’s output will be around 
1V per 200mA of current flow from the solar panel. This 
output is applied to the AN4 input of IC1 via a current- 
limiting 2.2kQ resistor. 

Note that the actual calibration of voltage and current 
is not overly important. Software within IC1 multiplies 
the voltage and current readings obtained at the AN3 and 
AN4 inputs to find where the maximum power point is for 
the solar panel. This calculation is not after any particular 
value, but just the maximum in a series of power calcula- 
tions. It does this calculation periodically once every 20 
seconds, and varies the on and off duty cycle of MOSFET 
Q1 to find the duty cycle that provides the maximum power 
from the solar panels. 

Power for the remainder of the Solar-Powered Lighting 
Controller circuit is from the 12V SLA battery viaa TL499A 
regulator, IC4. This is a low quiescent current type that can 
run as a linear step-down regulator and as a switch-mode 
step-up regulator. 

We have used it as a 12V to 5V linear regulator, with 
the output voltage trimmed using trimpot VR1. Setting 
the output to 5V calibrates the analogue-to-digital con- 
version within IC1, ensuring correct charging voltages 
for the battery. 

Protection against reverse polarity connection of both the 
12V battery and solar panel are included. Ifthe solar panel 
is connected with reverse polarity, IC2 is protected because 
Zener diode ZD2 will conduct in its forward direction, 
preventing more than 0.6V reverse voltage applied across 
its pin 4 and pin 8 supply rails. Diode D1 prevents reverse 
voltage being applied to the remainder of the circuit. 

Should the battery be connected back to front, diode D2 
will conduct via inductor L1 and the fuse, F1. The fuse 
will blow breaking the connection. 


Next month 

Next month, we’ll cover full constructional details and 
even show how we made some LED lights to go with the 
project. 
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PIC Training Course 


New Hardware! P931 Course £148 


The control PIC of our programmer now has two modes of operation, its normal 
programming mode, and a USB to USART mode. Programme your PIC in the 
usual way then flip the red switches and your PIC can use the control PIC as a 
serial link to your PC. All designed to make the learning process as straightforward 
as possible. We have also reduced the component count and lowered the price. 


The course follows the same well proven structure. We begin learning about 
microcontrollers using the incredible value 18 pin PIC16F1827. At the heart of 
our system are two real books which lie open on your desk while you use your 
computer to type in the programme and control the hardware. Start with four 
simple programmes. Run the simulator to see how they work. Test them with real 
hardware. Follow on with a little theory..... 


Our PIC training course consists of our PIC programmer, a 318 page book 
teaching the fundamentals of PIC programming, a 304 page book introducing the 
C language, and a suite of programmes to run on a PC. Two ZIF sockets allow 
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed 
at 5 volts then verified at 5 volts and 2 volts or 3 volts. 

P931 PIC Training & Development Course comprising 
USB powered 16F and 18F PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with PIC C 6th Edition 
+ PIC assembler and C compiler software on CD 
+ PIC16F1827, PIC16F1936 & PIC18F2321 test PICs 
+ USB cable......... winnie gna gn AGBLO0 
(Postage & insurance UK £10, Europe £20, Rest of world £30) 


Experimenting with PIC Microcontrollers 


This book introduces PIC programming by jumping straight in with four 
easy experiments. The first is explained over seven pages assuming 
no starting knowledge of PICs. Then having gained some experience 
we study the basic principles of PIC programming, learn about the 8 
bit timer, how to drive the liquid crystal display, create a real time clock, 
experiment with the watchdog timer, sleep mode, beeps and music, 
including a rendition of Beethoven’s Fur Elise. Then there are two projects 
to work through, using a PIC as a sinewave generator, and monitoring 
the power taken by domestic appliances. Then we adapt the experiments 
to use the PIC18F2321. In the space of 24 experiments, two projects 
and 56 exercises we work through from absolute beginner to experienced 
engineer level using the very latest PICs. 


Serial Coms Extension £31 


This third stage of our PIC training course starts with 
simple experiments using 18F PICs. We use the PIC to 
flash LEDs and to write text to the LCD. Then we begin 
our study of PC programming by using Visual C# to create 
simple self contained PC programmes. When we have a 
basic understanding of PC programming we experiment 
with simple PC to PIC serial communication. We use the 
PC to control how the PIC lights the LEDs then send text 
messages both ways. We use Visual C# to experiment with 
using the PC to display sinewaves from simple mathematics. 
Then we expand our PC and PIC programmes gradually 
until a full digital storage oscilloscope is created. For all these 
experiments we use the programmer as our test bed. When 
we need the serial link to the PC we flip the red switches to 
put the control PIC into its USB to USART mode. 


The second half of Experimenting with Serial 
Communications 4th Edition starts with an introduction 
to our Easy USB. Then we repeat some of the serial 
experiments but this time we use a PIC18F2450 with its 
own USB port which we connect directly to a USB port of 
your PC. We follow this with essential background study 
then work through a complete project to use a PIC to 
measure temperatures, send the raw data to the PC, and 
use the PC to calculate and display the temperature. 


Easy USB is a perfect solution for simple and medium 
complexity project. For complex projects or where the 
timing is critical it is best to split the action between two 
or more PICs. In the last chapter of the book we complete 
the study by learning how to use the library routines to 
programme a PIC18F2450 as a USB to USART converter. 


290 page book + PIC18F2450 test PIC + USB lead.. £31 


Ordering Information 


Our P931 programmer connects directly to a USB port on 
your PC and takes its power from the USB. All software 
referred to in this advertisement will operate within Windows 
XP, NT, 2000, Vista, 7 etc. Telephone for a chat to help make 
your choice then use Google checkout to place the order, or 
send cheque/PO, or request bank details for direct transfer. 
All prices include VAT if applicable. 


White LED and Motors 


Our PIC training system uses a very practical approach. 


Experimenting with PIC C 


The second book starts with an easy to understand explanation of how 
to write simple PIC programmes in C. Then we begin with four easy 
experiments to learn about loops. We use the 8/16 bit timers, write text and 
variables to the LCD, use the keypad, produce a siren sound, a freezer 
thaw warning device, measure temperatures, drive white LEDs, control 
motors, switch mains voltages, and experiment with serial communication. 


Web site:- www.brunningsoftware.co.uk 


Mail order address: 


Brunning Software 


Towards the end of the PIC C book circuits need to be built on 
the plugboard. The 5 volt supply which is already wired to the 
plugboard has a current limit setting which ensures that even the 
most severe wiring errors will not be a fire hazard and are very 
unlikely to damage PICs or other ICs. 

We use a PIC16F 1827 as a freezer thaw monitor, as a step up 
switching regulator to drive 3 ultra bright white LEDs, and to control 
the speed of a DC motor with maximum torque still available. A kit 
of parts can be purchased (£31) to build the circuits using the white 
LEDs and the two motors. See our web site for details. 


138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308 
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Jump Start 


By Mike and Richard Tooley 


Circuit design and build projects 
dedicated to newcomers, or 
those following courses taught 
in schools and colleges. 


ELCOME to Jump Start — our new series of seasonal 
Wise: and build’ projects for newcomers. Jump 

Start is designed to provide you with a practical 
introduction to the design and realisation of a variety of 
simple, but useful, electronic circuits. The series will have 
a seasonal flavour, and is based on simple, easy-build 
projects that will appeal to newcomers to electronics, as 
well as those following formal courses taught in schools 
and colleges. 

Each part uses the popular and powerful ‘Circuit Wizard’ 
software package as a design, simulation and printed circuit 
board layout tool. For a full introduction to Circuit Wizard, 
readers should look at our previous Teach-In series, which is 
now available in book form from Wimborne Publishing (see 
Direct Book Service page 76 in this issue). 


Each of our Jump Start circuits will include the following 
features: 


® Under the hood - will provide a little gentle theory to 
support the general principle/theory behind the circuit 
involved 


® Design notes -will have a brief explanation of the circuit, 
how it works and reasons for the choice of components 


® Circuit Wizard - will be used for circuit diagrams and 
other artwork. To maximise compatibility we have 
provided two different versions of the Circuit Wizard 
files; one for the education version and one for the 
standard version (as supplied by EPE). In addition, 
some parts will have additional files for download (for 
example, templates for laser cutting) 


Get real — will introduce you to some interesting and 
often quirky snippets of information that might just help 
you avoid some pitfalls 


Take it further - will provide you with suggestions for 
building the circuit and manufacturing a prototype. As 
well as basic construction information, we will provide 
you with ideas for realising your design and making it 
into a complete project 


Photo Gallery - showing how we developed and built 
each of the projects. 


Moisture Detector 

Our series starts this month with a simple moisture detector 
- ideal for use as a rain alarm, flood alert, or as a means of 
determining whether plants should be watered (or not!). 


Under the hood 

Our Moisture Alarm uses only three simple semiconductor 
devices and a home-made moisture sensor. Two of the 
semiconductors are bipolar junction transistors (BJT), while 


the third is a silicon-controlled rectifier (SCR). The two 
transistors (both PNP types — see Fig. 1) are needed to amplify 
the tiny current that our home-made rain sensor produces, and 
they are connected 
in a_ high-gain 
Darlington con- 
figuration (see Fig. 
2). The output of 
the Darlington 
stage supplies curr- 
ent to trigger the 
SCR. This device 
acts as a latched 
switch (more about 
this later) which, | 
when __ triggered, c 
remains ‘on’, sup- 
plying current to 
an inexpensive Fig.1. A PNP transistor showing typi- 
electronic buzzer. _ cal current flow 


le (10.2 mA) 


(0.2 mA 
- ! Emitter 


Collector 


{10 mA) 


le2 


(26.01 mA) 
(0.51 mA) 


lex = Ip2 


(25.5 mA) 


(0.5 mA) 


loa + la 


Combined he; = 26/0.01 = 2600 (26 mA) 


Fig.2. Two PNP transistors connected in a PNP Darling- 
ton configuration 
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When used as a current amplifier, with the input applied 
to the base and the output taken from the collector (we call 
this ‘common-emitter mode’), the output current can be 
determined by rearranging the earlier h,,, equation, so that: 


I, =hy x], 


So, in the case of a transistor with an h,,, of 50, a base 
current of 0.2mA would result in a collector current of 
10mA, and if the base current were to increase to 0.4mA 
the output current would increase to 20mA, and so on. 


Darlington pair 
The current gain of a single PNP transistor usually ranges 
between about 50 and 200. In order to achieve a higher value 
of gain we need to use more than one stage of amplification. 
Connecting two transistors in a Darlington configuration 
provides an extremely high current gain (approximately 
equal to the product of the individual current gains of the 
two transistors). 

So, in Fig.2, if each transistor has a current gain of 
50 (which is actually well below the minimum current 


Gate Gate 


Cathode Cathode 


(a) Waiting for trigger current (b) Trigger current applied 


SCR non- conducting SCR starts conducting 


Fig.3. An SCR in its conducting and non-conducting states 


gain for the BC557 transistor that we’ve used in the 
moisture detector), then the combined current gain 
will be 2600, and a current of only 10uA applied to 
the base of the first transistor will result in a collector 
current of 26mA flowing in the second transistor (see 
Fig. 2). This should be more than adequate for use in 


our moisture sensor! 


Thyristors 
Silicon-controlled rectifiers (or ‘thyristors’) are 
semiconductor devices with three terminals that 
can switch very rapidly from a non-conducting to 
a conducting state. In the ‘off’ state, the SCR passes 
negligible current, while in the ‘on’ state the device 
exhibits very low resistance and, depending on its rating, 
is capable of passing appreciable current. 

Once switched into the conducting state, by applying 
current to the gate terminal, the SCR will remain 
conducting and will become ‘latched’ into the ‘on’ state 
(see Fig.3). The conducting 
state will continue until 
the ‘forward current’ is re- 
moved from the device. 


In simple, direct 
current applications, this 
Anode necessitates the interruption 


(or discon-nection) of the 
supply, after which the SCR 
will effectively become reset 
into its non-conducting state. 
Gate The C106D SCR that we will 
be using in the moisture 
Cathode detector requires a minimum 
gate trigger current of 0.2mA, 
and a maximum gate trigger 
voltage of 1.5V. 
: The sensor used in 
(c) Trigger current removed ean aGisture’ . detector 
SCR remains conducting is simply a_ series of 
conductive copper strips 
etched on a small piece 
of printed circuit board 
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(PCB). In a dry environment the resistance between 
the two strips will be very high, but in the presence 
of moisture (eg, condensation, raindrops or mist.) 
the resistance will fall significantly. A typical ‘dry’ 
resistance will be many tens or hundreds of MQ, while 
the resistance in the presence of moisture will typically 
fall to less than 5MQ. 


Get real! 

In liquids, electrical conduction is by means of the motion 
of ions, which convey an electric charge. Because not many 
ions are present in pure water, it is not a good conductor of 
electricity. The conductivity of water falls in the presence 
of inorganic dissolved solids (eg, salt). It also falls as the 
temperature rises: the warmer the water, the higher the 
conductivity. Typical conductivities for different types of 
water are shown in Table 1. 


Design notes 

The complete circuit of the prototype moisture detector 
(produced using Circuit Wizard) is shown in Fig.4. 
Transistors Q1 and Q2 form the Darlington pair, with 
current supplied to Q1 via the moisture sensor connected 
to terminal block CN1. The sensitivity of the circuit is 
made variable by means of the preset potentiometer 


Circuit Wizard 


Table1: Typical conductivities of water 


Type of water Typical conductivity 

Highly pure water 0.06uS/cm 

Pure water 5 to 10uS/cm 

Drinking water 50yS/cm 

Inland fresh water 150 to 500nS/cm 

River water 500uS/cm 

Sea water 50mS/cm 
(wired as a variable resistor), VR1. The collector current 
rom Q2 is fed to the gate of the SCR, D1, via a potential 


divider formed by resistors R2 and R3. Resistor R2 limits 
the current that is supplied to the gate of D1 when it is 
triggered (a current of only 2mA is sufficient to trigger 
the SCR). 

When conducting, the anode current of the SCR flows 
through warning buzzer BZ1. LED D2 and resistor R4 
provide a visible indication (useful in applications where 
an audible indication is not required). The SCR is reset 
(back to its pre-latched state) by interrupting the anode 
current flow. Note also that we’ve added a second ‘variable 
resistor’ (VR2) in parallel with the moisture sensor input so 
that we can test the circuit (see later). 


OFTWARE tools are used 


throughout the electronic de- 
sign process. They help us not only 
to design and develop our circuits, 
but also to test them out before any 
soldering iron gets hot. 

The software we will be using 
throughout the Jump Start series 
is ‘Circuit Wizard’. It’s a fantastic 
piece of software that the authors 
have used for many years for teach- 
ing in schools/colleges. It lets you 
enter and simulate your circuits in 
real time, and then take the circuit 
information and create a printed cir- 
cuit board (PCB) design that you can 
make for real. 

In our recent Teach-In 2011 series, 
we used Circuit Wizard as a tool that 
uses animation and visualisation 
techniques to see how circuits really 
work. As we progressed through the 
series we saw how Circuit Wizard 
could also be used as an excellent 
electronics design tool, following 
the process all the way from enter- 
ing components to producing the 
PCB designs for a number of simple 
projects. 

The Teach-In 2011 series is per- 
fect for newcomers to explore the 
basic theory of electronics, as well 
as those ‘brushing up’ on their un- 
derstanding. If you didn’t follow the 
series, don’t worry, we'll be giving 
you some basic advice along the 
way, although we do recommend 
reading the series to get you up to 
speed. 


Back orders covering the Teach-In 
series of EPE are available through 
the EPE website: www.epemag.wim- 
borne.co.uk. Alternatively, the full 
Teach-In series may be purchased as 
a special compendium edition — see 
page 76 of this issue for further details. 

You can find out more about Circuit 
Wizard at the New Wave Concepts 
website: www.new-wave-concepts. 
com. Copies of the software may be 
purchased at special rates from EPE — 
see opposite page. We’ll also be mak- 
ing available all of the circuit files to- 
gether with lots of other useful tools/ 
information on the author’s website: 
www.tooley.co.uk/epe. 

We're also keen to hear your views 
and ideas for the Jump Start series as 


well as any questions that you may 
have. You can get in touch directly 
with the authors at: jumpstart@tooley. 
co.uk. We would also love to see some 
of the circuits that you’ve produced 
following the series — send your files/ 
photos to us and you could even get 
published in a future edition! 


Simulating the circuit 

Right, let’s see how our first Jump 
Start project simulates in Circuit Wiz- 
ard before we progress to a printed cir- 
cuit design that we will actually build. 
Carefully enter the circuit shown in 
Fig.4, making sure that you select the 
correct device for each component 
that you add to the page from the 
component gallery (double-click the 


A note regarding Circuit Wizard versions: 


Circuit Wizard is available in several variants; Standard, Professional 
and Education (available to educational institutions only). Please 
note that the component library, virtual instruments and features 
available do differ for each variant, as do the licensing limitations. 
Therefore, you should check which is relevant to you before pur- 
chase. During the Jump Start series we aim to use circuits/features 
of the software that are compatible with the latest versions of all 
variants of the software. However, we cannot guarantee that all 
items will be operational with every variant/version. 
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Jump Start 


component or right-click on Proper- 
ties and select the appropriate variant 
from the ‘model’ drop-down list). 

The software will happily simulate 
a circuit using standard/generic com- 
ponent parameters if a specific device 
type is not selected. However, it’s im- 
portant to get the device specifications 
right, as they can affect the operation 
of the circuit. This information is also 
used by Circuit Wizard to get the cor- 
rect pin connections when the soft- 
ware converts the design to a PCB. 

Obviously, there’s no ‘moisture sen- 
sor’ component in the software. There- 
fore, we’ve included an additional 
large value variable (potentiometer) 
resistor (VR2) to mimic the resistance 
of the sensor and test the circuit op- 
eration. Before running the simula- 
tion, set VR1 to about 50% and VR2 to 
100% (5MQ). Run the simulation and 
observe the operation as you lower 
the resistance of VR2 to simulate an 
increasing moisture level. Preset VR1 
can be varied to control the level at 
which the alarm is activated. Note that 
you will need to stop and restart the 
simulation to ‘reset’ the thyristor once 
triggered. 

Next, try experimenting with differ- 
ent circuit views. The ‘Current Flow’ 
view is really useful to help us see 
exactly what’s going on in the circuit. 
You should notice that as the resis- 
tance of VR2 is reduced (as it would 
with increased moisture), the current 
flowing into the transistor pair is in- 
creased very slightly. This is then am- 
plified by the transistors and used to 
control the gate of the thyristor. When 
‘on’, the thyristor allows current to 
flow down from the supply through 
LED D2 and buzzer (BZ1) to ground 
(OV), and hence operating them. 

Now we’re satisfied that the circuit 
operates correctly, we’re ready to work 
it into a fully operational product that 


CIRCUIT WIZARD 


By integrating the entire design process, Circuit Wizard provides you 
with all the tools necessary to produce an electronics project from 
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SENSOR 
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Fig.4. Moisture detector circuit ready for simulation in Circuit Wizard 


we can make for real. We’ve given 
you two examples of this; a handheld 
plant pot moisture sensor, to help 
identify if your favourite plant needs 
a drink, and a rain alarm, so that you 
know when to rush out and get your 
washing in. 

As with all of the Jump Start circuits, 
we'll be giving you some ideas on how 
to realise them into a working device. 
You are free to use our own designs 
(downloadable from the author’s Jump 
Start website at: www.tooley.co.uk/ 
epe). However, to really get the most 
out of the series you should try out 
your own skills and create your own 
PCB designs (see Fig.5). By taking time 
to play with the circuits, tweaking and 
adapting them to you your needs and 
creating your own PCB layouts you’ll 
soon be making your very own elec- 
tronic boards, just like the pros! 


start to finish — even including on-screen testing of the PCB prior to 


construction! 


+& Circuit diagram design with component library (500 
components Standard, 1500 components Professional) 


*& Virtual instruments (4 Standard, 7 Professional) 


2 On-screen animation 

°& Interactive circuit diagram simulation 
+& True analogue/digital simulation 

2° Simulation of component destruction 
-& PCB Layout 


+& Interactive PCB layout simulation 
°& Automatic PCB routing 

2 Gerber export 

o& Multi-level zoom (25% to 1000%) 
°& Multiple undo and redo 

°& Copy and paste to other software 
°& Multiple document support 


This software can be used with the Jump Start and Teach-In 2011 series 
(and the Teach-In 4 book). 


Standard £61.25 inc. VAT 


Professional £91.90 inc. VAT 
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8 Convert to PCB Layout 


Convert a circuit diagram into a 
printed circuit board (PCB) layout. 


Fig.5. The Circuit Wizard ‘Convert to 
PCB’ tool 


Get real! 

It’s now time to put what we've 
learned into practice by looking at two 
practical applications for the circuit 
that we’ve just developed. The first 
of these takes the form of a handheld 
plant pot moisture sensor, while the 
second is a rain alarm that provides 
an audible warning when rainfall is 
detected. 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/CAM 
manufacture in one complete package. 


Order direct from us on 01202 880299 
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Plant Pot Moisture Sensor 


OR the plant pot version of our 

moisture sensor, shown in Fig.6, 
we've taken out the buzzer and added 
a push-to-make switch (SW1) to act 
as a ‘test button’. Once inserted into 
the soil, if moist, the green LED D1 
will light and remain ‘on’ when SW1 
is pressed. 

We want SW1 to be a PCB-mounted 
tactile button. By default, Circuit Wiz- 
ard will place an off-board connector 
for the button. To tell the software to 
use the circuit-mounted variety, you 
need to tick ‘allow me to customise 
the PCB conversion’ and then, when 
given a list of components found in 
your circuit, double-click ‘Push to 
Make Switch’ and select ‘Push Switch 
(6mm x 6mm)’ — see Fig.8. 


You will need... 


PC board/sensor, code 846, avail- 
able from the EPE PCB Service, 
size 100mm x 60mm 

mini ‘tactile’ pushbutton switch, PC- 
mounting, size 6mm x 6mm (SW1) 
QV battery, with clip and leads (B1) 
2-way PC-mounting screw terminal 
blocks (B1, CN1 — optional) 


Semiconductors 

2 BC557 PNP transistors (Q1, Q2) 
1 C106D thyristor (D1) 

1 5mm green LED (D2) 


Resistors 

1 10kQ(R1) 1470 (R2) 

1 4.7kQ2(R3) 1390 (R4) 

1 1M preset potentiometer, 
horizontal mounting 


Convert to Printed Circuit Board 


We are going to model the actual 
circuit board as a handheld probe. 
Therefore, we are going to need to be 
quite specific about the position of the 
components. For this reason, when 
converting we de-selected ‘Automati- 
cally place components on the board’ 
during the PCB conversion wizard so 
that we are just given a ‘rats nest’ of 
components and nets so that we can 
place the components and route the 
tracks later — see Fig7 and Fig.9. 

In this case, the battery connector 
was placed at the rear of the board with 


Choose how you wish to convert your design into a PCB 
layout and then click Next to continue. 
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Comments 


875 Single-Sided; Thin Tracks 
f75, Double-Sided; Thin Tracks 
f5 Placement Only; No Routing 


f5 Rats Nest; No Placement or Routing 


Creates and routes simple single-sided boards 
with large pads, normal tracks and flying wires. 


<Back Cancel | Help 


Fig.7. The ‘Convert to Printed Circuit Board’ wizard has an 
option that allows users to customise a PCB layout 
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The package specified above will be used when 
this component is converted into a PCB. 
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Fig.8. Customising SW1 into a miniature 
push-to-make switch 
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Fig.12. Finished component and corresponding PCB layouts 


Hie 1H eentiad aid the pushbutton in the font-centes af produced by Circuit Wizard for the Plant Pot Moisture Sensor 


the board, where it can be easily pressed by the user. Tracks 
may be added either manually or by using the automatic 
routing features. (For more description of automatic routing 
and manual track drawing refer to our earlier Teach-In 2011 
series, which covers this in some detail.) 


Sensor 

We showed the connections for our moisture sensor as a 
two-way off-board connector (CN1) on our circuit diagram 
(Fig.6). In fact, we are going to draw the sensor directly on 
to the PCB (and not actually put in the connector). The sen- 
sor itself is simply many lines of interlocking copper track. 
To improve sensitivity we reduced the track and gap width 
— see Fig.10. 

To achieve the ‘soil probe’ shape of the circuit board you 
need to convert the rectangular PCB shape into a polygon. 
To do this, right-click the circuit board and select ‘Shape 
— Polygon’ (see Fig.11). After this has been set, you should 
notice that the cursor appears as a small square when over 
the board outline. You can add a ‘node’ at any point on the 
board edge by clicking while holding the Ctrl key. In this 
way, you can add as many nodes/sides as you need to form 
a more complex shape. 
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Rain Alarm 


OW FOR the Rain Alarm. This 

variation of the circuit (see 
Fig.13) has an audible alarm in the 
form of a buzzer mounted off-board. 
When drawing the circuit, simply 
add a two-pin connector (not the 
buzzer component, as the buzzer 
will be mounted ‘off-board’). The 
sensor will actually be a separate 
PCB mounted off-board too. 

The main circuit PCB and rain sensor 
PCBs were made to the same dimen- 
sions, with four fixing holes allowing 
them to be ‘stacked’ using a spacer and 
two machine head screws. In this way, 
the rain sensor is effectively mounted 
upside down, with the copper layer 
exposed to the falling rain. 


You will need... 


1* PCB main, code 847, size 64mm x 
64mm 


1* PCB sensor, code 848, size 64mm x 
64mm 

3  2-way PCB-mounting screw terminal 
blocks (CN1, CN2, B1) 

1 9V battery, with clips and leads 

1 6V to 9V mini buzzer 


Semiconductors 
2 BC557 PNPiransistors (Q1, Q2) 
1 C106D thyristor (D1) 


Resistors 
10kQ (R1) 
4.7kQ (R3) 
1MQ preset potentiometer, 
PC-mounting, horizontal 


available as a pair from the EPE PCB 
Service 


1.470Q (R2) 


Fig.13 (right). Circuit diagram for the 
Rain Alarm. Produced using Circuit 
Wizard 


Take it further 

There are many further applications 
for our basic moisture sensor, quite 
apart from the two that we’ve de- 
scribed here. They include flood and 
burst pipe alarms and condensation 
sensors. Different sensor arrangements 
can be used to sense moisture over 
larger areas, and several may be con- 
nected in parallel to provide greater 
coverage. 

There’s also plenty of scope for 
modifying and improving the plant pot 
moisture sensor and the rain alarm. For 
example, the plant pot sensor could be 
made to provide an analogue indica- 
tion of the amount of moisture present 
in the soil, by removing the thyristor 


SENSOR 
cN1 


and replacing resistor R2 with a mov- 
ing coil meter having a full-scale de- 
flection of 1mA, or so. 


= 


Printed circuit template for the Plant 
Pot Moisture Sensor 


> 


me 


Assembling the main and sensor PCBs Off-board wiring is made to the termi- 
for the Rain Alarm nal blocks on the main Rain Alarm PCB 


Next month 
In preparation for the summer exam season, our next Jump Start features a 
Simple Quiz Machine. See you next month! 


Special thanks to Chichester College for the use of their facilities when 
preparing the featured circuits. 
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- based on PIC technology 

- full graphical programming language 

- supports wired and wireless 
communication protocols 

- compatible with industrial sensors, 
lab sensors and add-ons 
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Printed circuit templates for the 
Alarm 


The completed Rain Alarm ready for 
deployment 
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existing codes and build them with just a few adjustments. 
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(PE Chat Zone contributor echase 
posted to ask about triac driving. 


What is best way to run a 20A or 
30A triac from a PIC? Logic-level triacs 
seem to be limited to 10A. 

In the absence of better advice, 
I guess an optotriac driving the 
20A triac is the solution. Is there a 
cheaper/lower component count 
solution, as I don’t necessarily 
need to isolate the mains from 
the PIC in this case. 


Triacs are a member of a family 
of devices that also includes 
diacs, silicon-controlled rectifiers 
(SCRs), and various more exotic 
components such as MOS thyr- 
istors. The circuit symbols for an 
SCR, diac and a triac is shown in Fig.1. 


Operation 
All these devices are bistable, that 
is, they have two states of operation, 
with different levels of conductivity 
between the main terminals in the two 
states. In the ‘on’ state they have low 
impedance, which is maintained as 
long as the current through the main 
terminals remains above a certain 
limit known as the ‘holding current’. 
In the ‘off’ state they have very high 
impedance, which is maintained as 
long as the applied voltage is below 
a certain limit known as the forward 
breakover , or breakdown voltage. 
Some of these devices, such as 
SCRs, conduct in one direction and 
behave as reverse biased diodes in the 
other direction. As for these devices, 
the main terminals are designated 
as anode (a) and cathode (k). Other 
devices, such as diacs and triacs, 


oe 
CIRCUIT SURGERY 


REGULAR GLINIC 
Triac driving 


conduct in both directions, here the 
main terminals are simply called main 
terminal 1 (MT1) and main terminal 2 
(MT2). 

Some of these devices, such as the 
SCR and triac, have a third terminal 
known as a gate (g). The higher the 
current into the gate, the smaller the 


Fig.1. Symbols for SCR, Diac and Triac 


forward breakover voltage becomes. 
Thus, applying a sufficient pulse of 
current to the gate will switch the 
device into the on state. Once in the 
on state, the gate current need not be 
maintained due to the bistable action 
mentioned earlier. The device remains 
on until the main current falls below 
the holding current. 


A current plot 
The bistable action of these devices 
means that plots of current against 
voltage look a little odd. Fig.2 shows 
a graph of current against voltage for 
a diac. For comparison, the plots of 
a low-value and a high-value resistor 
are also shown. Notice how the diac 
switches from high resistance to low 
resistance when the breakover voltage 
is reached. 

All these devices are based on at 
least four alternating layers of p and 
n silicon, with at least three diode 


HOLDING 
CURRENT--- 4b... 


LOW VALUE RESISTOR 


BREAKDOWN 
VOLTAGE 


HIGH VALUE RESISTOR 


Fig.2. Plots of current against voltage for low value resistor, high value resistor and diac 
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junctions. Fig.3 shows the structure 
of an SCR constructed from four 
layers of silicon of alternating type (ie, 
pnpn (p and n type semiconductor)). 
Compare this with a bipolar junction 
transistor (BJT) which is three-layer — 
either pnp or npn. The SCR is like two 
overlapping transistors — the np of a 
pnp transistor overlapping the 
np of an npn type, as indicated by 
the dotted boxed in Fig.3a. This 
leads to the transistor equivalent 
circuit in Fig.3b. 

We can understand this 
behaviour by looking at the 
equivalent circuit of the SCR in 
Fig.3b. The ‘trigger’ gate current 
turns on transistor TR1. The 

collector current of TR1 provides 
a base current for TR2, turning it on 
too. In a similar manner, the collector 
current of TR2 provides more base 
current for TR1, turning it on even 
more. This is a positive feedback 
effect that quickly ensures that both 
transistors are on. 

Once this condition has been 
triggered by the gate it is self- 
sustaining, so gate current is no 
longer needed. If the voltage between 
anode and cathode is increased to the 
breakover point, the currents within 
the device are sufficient to switch it on 
without any additional current from 
the gate. 

The triac is a little like two back-to- 
back SCRs (but this analogy is only 
approximate). It conducts in both 
directions and can also be switched on 
by a gate current of either polarity. In 
comparison, an SCR conducts in only 
one direction, and the trigger current 
can only flow one way too. The diac is 


Fig.3. Silicon controlled rectifier (SCR) 
physical structure (a), and equivalent 
transistor circuit (b) 
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like a triac without the gate connection. 
It is switched on by applying a voltage 
above the breakover voltage in either 
direction. The bidirectional nature 
of diac and triac operation means 
that they can be used to switch AC, 
whereas SCRs can only be used for DC 
or one half of an AC waveform. Triacs 
are often used for AC mains power 
control and switching. 


Lamp dimmer 

One of the most well known 
applications of triacs and diacs is in 
dimmer circuits for incandescent 
lamps. An outline of a dimmer circuit 
is shown in Fig.4. The triac is switched 
on part way through each half cycle 
of the mains waveform, and hence 
supplies power to the lamp. The triac 
will switch off as the waveform crosses 
through OV because the current in the 
device will fall below the holding 
current. 

During each half cycle of the mains 
waveform the capacitor charges up 
at a rate set by the variable resistor 
(potentiometer). When the voltage on 
the capacitor reaches the breakover 
volatage of the diac it will switch on 
sending a pulse of current into the 
triac. 

The triac, and hence the lamp, will 
switch on and remain on until the 
mains waveform crosses through 0V 
again. The triac’s breakover voltage 
will be higher than the peak mains 
voltage (a typical value would be 
500V) so it will not switch on by this 
mechanism, only by the gate current 
via the diac. 

The diac’s breakover voltage will 
be much lower than the mains peak 
voltage, a typical value would be 
around 30V. Thus, the earlier in each 
half cycle the triac is switched on 
the greater the proportion of time the 
lamp will be on and hence the brighter 
it will shine. 

This circuit (Fig.4) is for illustration 
only, as it lacks important features 
such as RF suppression, diac current 
limiting, and snubbing, and _ has 
relatively poor control, particularly 
at low power levels. Additional 
circuitry is needed for acceptable 
performance. 

The simple lamp dimmer does not 
have a digital control circuit, but we 
assume echase requires digital control 
as he is asking about logic-level 
triacs and PIC microcontrollers. Fig.5 
shows the basic idea, in this case with 
an SCR. The digital control circuit 
provides the gate current to turn on 
the SCR and hence the load. 


Snubber 

The gate current is, unfortunately, not 
the only way to turn on an SCR or 
triac. A sufficiently fast rising anode- 
cathode voltage can also do so, due to 
the capacitances inherent in the SCR’s 
structure. To prevent this, snubber 
circuits can be used to reduce the 


Everyday Practical Electronics, May 2012 


MT1 
MT2 
AC MAINS N 


Fig.4. Lamp dimmer concept (not a practi- 
cal circuit) 


LOAD SUPPLY +V 


a 
TRIGGER 
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GROUND OV 


Fig.5. Basic SCR control circuit 


LOAD SUPPLY +V 


a 
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TRIGGER 
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Fig.6. Thyristor SCR _ circuit with snubber 
to prevent false triggering 

MT2 +VE 

MT2 

gf uri 


QUADRANT I! | QUADRANT | 
GATE -VE QUADRANT III | QUADRANT IV GATE +VE 


( 


MT: 
gf }MT1 


Fig.7. Four possible triac triggering sce- 
narios, or quadrants 


rise-time of voltages across the SCR, as 
shown in Fig.6. Snubbers (across MT1 
and MT2) should also be used where 
appropriate with triacs. 

Typically, the control circuit will 
be a microcontroller such as a PIC. In 
principle, the circuit in Fig.5 could 
also be used to switch a triac, but 
usually we are switching AC mains 
voltages with triacs and this leads to a 
requirement for a separate low voltage 
DC supply for the digital circuit. 
Before discussing how we can arrange 
this, we will look at triac switching in 
a little more detail. 


Triac switching 

The fact that triacs can conduct in 
both directions and can be triggered 
by gate currents of either polarity 
leads to four possible triggering 
scenarios, or quadrants, as illustrated 
in Fig.7. Positive half cycles of the AC 
waveform correspond to quadrants I 
and II in the upper half of Fig.7. The 
triac’s MT2 terminal is positive with 
respect to MT1. Negative half cycles 
of the AC waveform correspond to 
quadrants HI and IV in the lower half 
of Fig.7. The triac’s MT2 terminal is 
positive with respect to MT1. 

Situations where the trigger circuit 
is sinking current — so that the trigger 
current flows out of the gate (negative 
gate current) correspond to quadrants 
II and III on the left half of Fig.7. 
Situations where the trigger circuit is 
sourcing current — so that the trigger 
current flows into the gate (positive 
gate current) correspond to quadrants 
land IV on the right half of Fig.7. 

Triacs are typically most sensitive 
(require lower trigger currents) in 
quadrants I and III. They are slightly 
less sensitive in quadrant II and least 
sensitive in quadrant IV. Some triacs 
cannot be triggered in quadrant IV. 
Datasheets typically refer to ‘four 
quadrant’ and ‘three quadrant’ triacs 
to indicate whether or not the device 
will switch in quadrant IV. 

Three quadrant triacs are typically 
trading off this gate trigger option 
against reduced _ sensitivity to 
triggering by rapidly changing main 
terminal voltage. A certain rate of 
change of voltage (dV/dt) may trigger 
the triac without a gate trigger being 
applied. As was mentioned earlier, 
this may require a snubber network to 
protect the triac. 


False triggering 

There are a couple of scenarios in 
which high rates of change of terminal 
voltage may inadvertently trigger the 
triac. The first is simply by applying 
a fast changing voltage to the main 
terminals and is referred to as ‘static 
dvV/dt’. 

The second scenario occurs when 
the triac tries to turn off with an 
inductive load. The resulting voltage 
spike from the inductor may cause 
the triac to turn back on again. This 
is referred to as ‘commutating dV/dt’. 
Commutating dV/dt is less than static 
dV/dt and therefore is more likely to 
cause difficulties. 

Making a triac less sensitive to fast 
voltage changes may mean that the 
snubber is not required, reducing 
component costs. Such devices are 
marketed as ‘Snubberless triacs’, or 
‘Alternistors’ or high commutating 
triacs. ST Microelectronics are a key 
company in this area. Loss of fourth 
quadrant triggering in these devices 
is not a major problem because most 
triac circuits do not use triggering in 
the fourth quadrant anyway. 
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When used to switch AC, a triac 
will switch off at the end of the half 
cycle during which it was triggered 
— this is because the current through 
the device will drop below the 
holding current as the AC voltage 
drops towards OV. Thus, to switch a 
load on continuously a triac has to be 
triggered in every half cycle of the AC 
waveform. 


Digital control 

The classic lamp dimmer in Fig.4 
triggers the triac automatically every 
half cycle because the diac triggers 
in each half cycle once the voltage 
is large enough. However, a digital 
control circuit may have to monitor 
the AC waveform in order to know 
when to apply the trigger pulses. 
Usually, this takes the form of zero 
crossing detection. The control circuit 
detects the point at which the mains 
crosses OV and uses this as a reference 
point for trigger timing. 

Triacs are often used in power 
control (as in the lamp dimmer) by 
manipulating the point in the AC half 
cycle at which the device is triggered 
(known as phase control). The later the 
power is switched on the less power is 
delivered to the load. 

As indicated, triacs are triggered by 
current not voltage. This is convenient 
for logic control because it means 
that logic voltage levels do not need 
to be matched. The term ‘logic-level 
triacs’ therefore refers to triacs with 
gate trigger currents within the range 
of typical digital circuits, particularly 
microcontrollers. 

This usually means less than about 
20mA or 25mA (note that a typical 
PIC can sink about 25mA) and typical 
logic level triacs requires gate currents 
of 10mA or less. The term ‘sensitive 
gate triac’ is also used for devices 
which can be driven directly from 
logic circuits. 

The trigger current required by a 
triac increases as the switched current 
increases. This is why echase is having 
difficulty finding logic-level triacs 
to switch 30A. Triacs with current 
handling of 10A to 40A typically 
need gate currents of 50mA to 100mA, 
depending on device current and 
triggering quadrant. 

Where the digital circuit has 
insufficient current capability, the 
triac can be switched via a suitable 
transistor. Alternatively, where supp- 
orted by the digital device, outputs 
from the controller may be driven 
in parallel to increase current drive 
capability to a level required to trigger 
the triac. 

The gate current must be applied 
for sufficient time to turn on the triac. 
This ‘turn-on time’ will be specified 
in the datasheet and will typically 
be in the order of microseconds. 
The specified time will assume a 
large voltage across the triac, but if 
the trigger pulse is applied early in 
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Fig.8. Transformerless power supply for 
triac control. Design concept — this is not 
a practical circuit! (see text) 


SNIVA OV —— 


Fig.9. Optoisolated triac control 


the AC cycle, it may have to be held 
for longer to ensure that the triac is 
conducting above the holding current 
before the trigger is removed. 

Fig.8 and Fig.9 show a couple of 
widely used approaches to driving 
triacs from digital circuits such as 
microcontrollers. The circuit in 
Fig.8 provides a power supply to 
the microcontroller without use of a 
transformer or switching regulator. 
It is a very low cost approach and is 
widely used in domestic appliances. 
The microcontroller supply ‘hangs’ off 
the mains supply. There are a number 
of similar circuits based on this general 
concept. 

The microcontroller supply is 
provided by a capacitor (typically 
a few hundred microfarads) which 
is charged to a voltage limited by a 
Zener diode (typically 5.1V or 5.6V). 
A diode ensures that the charging 
current is of the right polarity (in one 
half of the mains cycle). A resistor 
limits the current (typically a couple 
of kilohms and a few watts rating). In 
addition, safety and electromagnetic 
interference (EMI) protection comp- 
onents (not shown in Fig.8) are 
required. 

The microcontroller can _ easily 
switch the triac gate from a voltage 
equal to MT1 (zero gate current) to 
a voltage V,, volts below the MT1 
voltage, which causes a negative gate 
current. This can happen at any point 
on the mains cycle because the logic 
ground (Gnd on Fig.8) is always V,,, 
volts below the mains line. Thus, this 
circuit triggers the triac in quadrants 
II and IIL. 

The circuit is Fig.8 can only supply 
a relatively low continuous current 
to the control logic (a few tens of 
mA) but may be able to provide 


larger currents for the short duration 
required to trigger the triac. If the 
microntroller cannot switch the 
trigger current directly, an external 
transistor can be used. 

The circuit in Fig.8 potentially 
provides the cheap solution echase 
was asking about (with a transistor 
to boost drive current). However, 
extreme care must be taken when 
working with circuits like that in Fig.8 
due to the risk of lethal shock. There 
is also a potential risk to the PC and 
microcontroller programmer during 
development. The mains MUST be 
disconnected when programming the 
controller. 

The circuit in Fig.8 is not suitable 
for building as shown — it is just a 
concept circuit. Component values 
must be carefully calculated and 
additional safety features added. 
Work on such a circuit should 
only be attempted by someone 
with significant experience of both 
working with mains voltages and 
microcontroller programming. 


Opto control 

In situations where low cost is not 
such a driving factor, and where 
having a_ controller connected 
directly to the mains is unsafe, an 
optoisolated triac trigger, as shown 
in Fig.9, is preferable. Here the 
microcontroller or other logic circuit 
runs from a conventional low voltage 
power supply. 

The optoisolator keeps the triac/ 
load and control circuit electrically 
separate, and so we do not have to 
worry about any interaction between 
them (relative voltage levels etc) 
during design. In use, the operator of 
the controller is also isolated from the 
mains (assuming safe construction is 
used). The circuit in Fig.9, like the 
classic dimmer in Fig.4, triggers the 
triac in quadrants I and III. 

The optotoisolator comprises an 
LED and detector in a single package. 
Switching on the LED causes light to 
fall on the detector, switching it on, 
which in turn triggers the triac. The 
detector is a complex device which 
behaves like a diac/triac triggered by 
light. In some optoisolators, further 
control circuits are present, which 
ensure switching close to the zero 
crossing of the mains waveform. This 
reduces surge currents to the load 
and decreases the EMI due to load 
switching. 

Optoisolator traic drivers, which 
can switch at any point on the mains 
cycle, are called random phase drivers. 
A variety of optoisolated triac drivers 
are available, such as the MOC30XX 
family of random phase drivers from 
Fairchild = Semiconductor. Drive 
capabilities of optotoisolator traic 
drivers are sufficient to trigger higher 
current triacs and therefore provide a 
viable solution as requested by echase 
as part of his question. 
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CCORDING to the old saying 
Ae: shouldn’t judge a book by 

its cover’, but I suppose that in 
the real world most people do tend to 
judge things by their appearance. This 
probably applies to home constructed 
electronic projects as much as any- 
thing else. 

Making your latest electronic 
masterpiece look really good with a 
professional quality front panel overlay 
will not make it work any better, but it 
will certainly make it more impressive 
when you show it to your friends and 
family. Being purely practical about 
matters, a gadget that is neatly labelled 
will be easier to use than one that lacks 
any panel legends, especially when 
the gadget in question has numerous 
controls. 


Days gone by 
In days gone by, the usual method of 
making a front panel overlay was to 
use a photographic technique. A more 
simple approach was to label the panel 
using rub-on lettering. Unfortunately, 
the ‘gone’ part of ‘days gone by’ now 
very definitely applies, and obtaining 
the materials needed for the traditional 
approaches to front panel labelling 
seems to be practically impossible. 
Many of the manufacturers of these 
materials have either ceased trading 
or moved on to other things. It is still 
possible to obtain rub-on lettering, 
but sources of supply are few and far 
between, the choice of sizes and styles 
is much more restricted than it used to 
be, and prices tend to be quite high. 
The gradual demise of traditional 
graphic arts materials is due to 
professional and amateur users 
moving to computer-based systems. 
The traditional approach to labelling 
panels is still possible, and it might be 
a worthwhile proposition if you do not 
have access to computer equipment. 
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It is otherwise probably not worth 
considering. 


Got it taped 

Even if you do not have access to 
suitable computer equipment, a small 
electronic labelling machine mighi 
offer a better alternative. These use 
self-adhesive tapes, and most can 
accommodate tapes of two or three 
different widths. In the current contex 
it is the narrower (3.5mm to 12mm) 
tapes that are of most use. Tapes are 
available with various combinations of 
foreground and background colour. 

The characters are produced using a 
simple thermal/dot-matrix system, bu 
the quality is quite good. The edges 
of some characters are slightly rough 
when examined closely (Fig.2), but in 
normal use this is not something tha 
anyone is likely to notice. 

If you can find a good deal on a small 
electronic labeller and some tapes it will 
probably cost less than an assortmen 
of good quality rub-on lettering, 
and will produce far more labels. A 
labeller provides a much quicker and 
easier way of doing things. The labels 
produced are much tougher than those 
produced using rub-on lettering, and 
will normally last for years without the 
need for any protective coating. 

The adhesive used for the labels 
is quite strong, sticks instantly, and 
seems to be very durable. This is 
good in that it provides permanence, 
but the downside is that it does not 
permit labels to be slid into precisely 
the right position. Even sliding a 
label by a millimetre is not usually 
possible. It helps if you can get it right 


Fig.2. The labels below are produced 
using a form of dot matrix printing. This can 
produce some slightly rough edges, but in 
use these are not normally noticeable and 
the quality is quite reasonable 
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Fig.1 (left). A small handheld electronic labeller such as 
this probably represents the quickest and easiest way of 
producing labels for projects. Tapes in various widths and 
colour combinations can be obtained 


first time, but it is usually possible 
to carefully peel a label off and try 
again, provided it has not been fully 
pressed down and into place. It is not 
the end of the world if a label becomes 
damaged when it is being peeled off. 
A replacement can be printed almost 
instantly and at an insignificant cost. 


Cutting back 

Most electronic labellers use relatively 
wide tapes, and consequently produce 
lettering that is often a bit larger 
than would be ideal. For the present 
application, it is advisable to choose 
one that can handle very narrow tapes. 
Even when using a narrow tape, it is 
quite likely that the labels will still be 
too large for small gadgets. 

However, most labellers seem to 
leave a fairly large blank area around 
the lettering. The actual height of the 
text tends to be much less than the 
width of the tape. If there is an option to 
print smaller text, using it will produce 
an even larger blank surround. 

Even where there is plenty of space for 
the raw labels, they tend to look ‘not quite 
right’ when used with anything other 
than the largest of projects. Trimming 
the edges of labels slightly in order to 
produce something that gives a better 
appearance can be rather fiddly. This 
is especially so with the tapes having 
a width of 6mm or less. However, with 
due care it can be done using a sharp 
modelling knife, a cutting mat, and a 
metal ruler. Paper trimmers are intended 
for cutting large sheets of paper, but a 
good one provides an easy and relatively 
safe means of trimming labels. 

When individual labels are used, it 
can be helpful to mark guide lines or use 
tape to provide a guide that will make 
it easier to get a row of labels aligned 
accurately. This applies regardless of 
the method used to produce the labels. 
Obviously, the guide lines must be 
marked using a method that makes 
them reasonably easy to remove. 

Front panels are often made from 
relatively soft materials such as 
aluminium or plastic, and care must be 
taken not to scratch and permanently 
mark panels. Be careful when using 
spirit-based inks on plastic. There 
is a risk of the ink dissolving and 
permanently marking the plastic. It 


is a good idea to test pens and other 
marking tools on the inside of the case 
where any damage caused will be out 
of sight. 


Computer labels 

Producing simple labels using a 
computer and a printer is very easy, 
and it does not really require any 
special software. Any modern word 
processor should be able to produce 
lettering in a wide variety of fonts, 
styles (bold, italic), sizes, and colours. 
WordPad, the simple word processor 
that comes as part of a standard 
Windows installation, is certainly 
capable of doing all this. 

A word processor is adequate 
where straightforward labels are 
involved, with no fancy tricks such 
as varying the size of text within a 
label. More complex labels require a 
suitable graphics program, as does the 
production of front panel overlays. In 
the case of the latter, it is necessary 
to produce accurate designs that 
when printed out will precisely fit 
the front panels. Programs produced 
for professional graphics designers 
are ideal for this type of thing, as are 
modern CAD (computer aided design) 
programs. Unfortunately, programs 
such as Adobe Illustrator and AutoCAD 
are too expensive for most hobbyists. 

There are low cost and even free 
alternatives, which although lacking 
the vast range of features provided 
by the upmarket alternatives, have 
sufficient features and are reasonably 
easy to learn. Serif DrawPlus used 
to be a popular choice, but the free 
version lagged behind the times and 
would not always run reliably on 
modern PCs. However, there is now 
an updated version called DrawPlus 
Starter Edition that runs quite 
happily on systems running Windows 
XP, Vista, or 7, and the hardware 
requirements are quite modest. 

There is no time restriction on 
the use of the free version, and it 
is possible to save and print the 
drawings produced. Some of the more 
advanced features of the full program 
are not available in the Starter edition 
though. Nevertheless, the free version 
does have the facilities needed to 
produce fancy labels (Fig.3) or even a 


full front panel design. There are all 
the usual facilities for choosing the 
required font, colour, style, and text 
size, but even a simple vector drawing 
program should go somewhat further. 

In the case of DrawPlus Starter 
Edition, there are facilities for skewing 
text, rotating it at any angle, stretching 
and compressing it, moving individual 
letters, mirroring it, and using fancy fills 
instead of the same colour throughout. 
The fills available include various 
patterns, plus gradients such as linear 
radial, elliptical, and conical types. It is 
even possible to use complex gradients 
that have multiple colours. 


Path way 

An advanced feature for a free program 
is the ability to have text follow a path. 
The path is a shape drawn on the 
screen, but the shape does not have to 
appear in the final design. If required, 
it can be hidden from view and just 
used as a guide for the text to follow. 
In the example of Fig.3, the word 
‘TEMPERATURE’ near the bottom left- 
hand corner of the screen has been 
fitted to a path provided by the top 
section of a circle, although in this case 
the circle is not visible on the screen. 

A facility such as this, in 
conjunction with the ability to rotate 
text, can be useful for producing dials. 
A good 2D CAD program is probably 
the best choice for producing accurate 
dials, but the commercial programs of 
this type are quite expensive, and the 
free CAD programs I have tried lack 
the facilities to make a really good job 
of this type of thing. DrawPlus Starter 
Edition can do the job quite well 
though, and is probably more than 
sufficient for most purposes. 

The fills available for text can also be 
used with shapes such as circles and 
rectangles, which can be very useful. 
For example, when producing a panel 
overlay you can draw a rectangle to 
represent the front panel, and then add 
a fill such as a pale tint rather than just 
accepting the raw colour of the printing 
paper. Taking things a stage further, a 
gentle linear gradient could be used, 
or for a suitably zany project, a multi- 
coloured gradient fill could be applied. 

The next step is to add circles to 
represent the holes in the panel, and 
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Fig.3. A vector graphics program such as DrawPlus Starter 
Edition goes beyond the basic text effects available in a 
word processor. Among other things, text can be stretched, 
compressed, skewed, mirrored, rotated, and given fancy fills 
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Fig.4. Here a rectangle to represent a front panel has been added 
over the original demonstration design and given a graduated fill. 
It has then been stacked behind the other objects, so that they 
can be brought to the front and made visable again 


then the legends are added. There is a potential problem here, 
you have to make sure that the legends, or any decorative 
markings added to the panel, appear in front of it rather than 
behind it and out of sight. By default, newly added items 
will appear on top of existing objects, so there should be no 
problem if the outline of the panel is added first. However, 
the labels, and other embellishments, will disappear from 
sight if they are put in place first and then the panel is added. 
Also, care needs to be taken when editing designs, otherwise 
objects that should appear at the front can disappear into the 
background. 

DrawPlus Starter Edition has facilities for arranging the 
order of objects, and these are accessed via the ‘Arrange’ 
menu. In Fig.4, I have added a rectangle to represent the 
outline of the front panel, and then applied a graduated 
fill to it. The ‘Send to Back’ option was then used to place 
the rectangle behind everything else. Of course, the same 
technique can be used to give individual labels any desired 
background colour. Stacking objects can also be used to 
provide special effects, with objects partially overlapping 
other objects. It can be used to provide shadow effects for 
example. 

Even with a fairly simple graphics program, such as 
DrawPlus Starter Edition, it is possible to produce a dazzling 
array of effects. As with anything like this, it is a mistake 
to do things simply because you can. A psychedelic design 
with all manner of effects might be suitable for some gadgets, 
but is likely to look ridiculous on a more sober project, such 
as a piece of test equipment. Try to produce designs that are 
appropriate for the projects they will be used on, and avoid 
getting carried away. 
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ChipKiT Arduino development — Part 2: Altitude Indicator 


ast month, we looked at a very 
I simple chipKIT Arduino Sketch, 
which flashed an LED. Not very 
useful, given that you can do the same 
with a couple of transistors. This 
month, we try something more ambi- 
tious — an altitude indicator display, 
using a GPS module to provide the al- 
titude information and a Nokia mobile 
phone colour LCD to display it in an 
interesting way. As the Nokia display 
has a resolution of 130 x 130 dots, and 
is fully pixel addressable, we can even 
add a fancy scrolling graph to show 
how the altitude is changing over time. 
What possible use could this have? It 
would would make a fun ‘vanity’ gadget 
for mountain biking enthusiasts or snow- 
boarders, who would like to know how 
‘extreme’ the terrain is, and perhaps post 
the data to their Facebook page. Or just 
use it as an indication of how much ex- 
ercise you have had. That’s our excuse! 
We start by describing the devices 
we are going to attach, and then work 
through the software development ap- 
proach within MPIDE — discovering 
some interesting aspects of the IDE as 
we go along. 


Nokia LCD 

The Nokia LCD is from the old 6610 
model, which has been around for at 
least ten years. It’s popular enough 
with hobbyists that a complete ‘easy- 
to-connect-to’ module has been cre- 
ated by Olimex (and other companies, 
but we are using the Olimex version). 

These modules include a 3V to 7V 
DC-to-DC controller to power the LED 
backlight, and a ten pin 0.1-inch pitch 
header to ease connection. The whole 
module runs at 3.3V, so will connect 
to the chipKIT directly. 

There is no datasheet for this LCD, 
but a large amount of information is 
available on the Internet explaining 
how to wire to it, and how to drive 
it from a variety of microcontrollers. 
A helpful tutorial from James Lynch 
(also available on the Internet) reveals 
the format of the SPI communication 
link, and this is shown in Fig.1. 


tant oF 
TRANEFER 
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Fig.2. Display and GPS pinouts 


It’s a 9-bit long data stream, with 
the first bit indicating whether this 
is a command or display message, 
and the remaining 8 bits being the 
data. The interface can run at up to 
6.6MHz, which will allow a full dis- 
play update rate of 14 times per sec- 
ond — if our SPI library functions will 
run this fast. 

Unfortunately, the chipKIT SPI li- 
brary that comes with MPIDE only sup- 
ports 8-bit transmissions, so we will 
have to write our own SPI interface 
routine. Fortunately, developing this 
will be straightforward, as we will see 
shortly. There is even software freely 
available on the Internet that we can 
simply ‘port’ to the Arduino environ- 
ment. It took a couple of evenings to 
find this data on the Internet and cross 
reference it with other sources to con- 
firm the accuracy, but this research ef- 
fort was worth it, as it meant we did not 
need to dig into complex datasheets to 
work this ‘stuff’ out ourselves. 

The pinout of the LCD connector is 
detailed on the Olimex website, and 
can be seen in Fig.2. In addition to the 
power pins, we need to control the 
RESET pin, CS (the chip select pin), 
BACKLIGHT ON/OFF, MOSI (the data 
input pin) and CLK (the SPI clock in- 
put). It’s unclear what logic levels 
control the BACKLIGHT and RESET 
signals, but this becomes clear when 
reading example software found on the 
Internet. This is great, as it saves a lot of 
trial and error. 


Fig.1. LCD SPI communication 
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LeadTek LR9552 GPS Module 


GPS module 

The GPS module is a much simpler de- 
vice to communicate with. This particu- 
lar module, the LR9552 from LeadTek, 
has an identical output data format to the 
one used in our CameraWatch2 project. 
This is typical of readily available mod- 
ules on the market today — it operates 
at 3.3V and generates TTL level RS232 
NEMA data at 4800 baud. This too can be 
connected directly to the chipKIT. 

Ifyou plan to build something like this, 
just look for modules that operate at 3.3V 
and output TTL level RSR232 ASCII 
NEMA data and you shouldn’t have any 
problems. The LeadTek module is avail- 
able from Farnell, part number 1546849. 

GPS data is output as a series of lines 
of text (called ‘sentences’) in a well de- 
fined format. These contain a multitude 
of data, not all of it of interest to us (to- 
day, at least). All we need to know is 
when the GPS unit has locked onto the 
satellite network, and what the altitude 
is. One particular NMEA sentence can 
tell us this, the sentence that starts with 
the text $GPGGA. The format of this 
line of text is shown in Fig.3. 

While the purpose of many of the 
fields in this sentence may be unclear, 
it’s fairly safe to say that we need to 
extract the ‘Fix quality’ and ‘Altitude’ 
fields. The message is in a format that 
can be easily scanned by a program — 
once a line starting with the text ‘$GP- 
GGA’ is detected, skip to the sixth and 
ninth fields and extract the values. 
Each field is delimited by a comma 
character, so this should be easy. 

GPS modules output these sen- 
tences periodically at a rate of once a 
second, so we will have plenty of time 
between the messages to process the 
GPGGA sentence and output the infor- 
mation to the display. 


On the button 
We are adding a single push ‘button’ to 
allow for some future interaction with 
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$GPGGA, 123456,5 107.018,N,0001 1.000, W, 1,04,0.9,100.9,M,46.9,M,,*34 
This breaks down to: 


$GPGGA Global Positioning System Fix Data 
123456 Fix taken at 12:34:56 UTC 
5107.018,N Latitude 51 deg 07.018’ N 
00011.000,W Longitude 00 deg 11.000’ W 
1 Fix quality: 0 = invalid 
1 =GPS fix (SPS) 
2 = DGPS fix 
3 = PPS fix 
4 = Real Time Kinematic 
5 = Float RTK 
6 = estimated (dead reckoning) (2.3 feature) 
7 = Manual input mode 
8 = Simulation mode 


04 Number of satellites being tracked 

0.9 Horizontal dilution of position 

100.9,M Altitude, Meters, above mean sea level 

46.9.M Height of geoid (mean sea level) above WGS84 ellipsoid 
(empty) time in seconds since last DGPS update 

(empty) | DGPS station ID number 

#34 the checksum data, always begins with * 


Fig.3. GPS module data format 


the software, probably just clearing the historic display. It 
has also proved useful during development to simplify de- 
bugging and testing different LCD contrast settings. 

All parts can be seen in Fig.4. As you can see, the wires 
have header pins soldered to them and these have then been 
wrapped in heatshrink cable to protect them from shorting 
or breaking. Header pins are a useful addition to devices that 
you use frequently with Arduino modules or breadboards — 
it not only simplifies plugging the wire in, it also protects 
the header connectors on the Arduino board from damage. 

The two short wires in Fig.4 are the Arduino equivalent 
of a four-way mains adaptor. We want to connect up three 
devices, each requiring a ground connection, and two of 
them to power. The Arduino headers only provide one 
3.3V output and two ground connections, so these short 
cables (which can be hacked together from an IC socket cut 
in half) provide the extra connections required. 


Connecting to the chipKIT 

So, we know what we need to hook up — the question now 
is, to which pins on the processor? This can be one of the 
most intimidating tasks because the chipKIT has 44 I/O 
pins that are under our control, many with strange sound- 
ing multiple functions. While these can all be configured 
as digital port pins, many have a secondary function that 
connect to one or more of the wide range of hardware pe- 
ripherals within the PIC32, all under software control — 
somehow! 

This is all explained within the processor datasheet. 
That’s all well and good, but we are trying to avoid having 
to understand the details of the processor, so we will avoid 
digging into the details of these peripherals for now. 


Let’s recap on our I/O pin requirements: 
Button Digital input 
GPS module UART input 


LCD reset Digital output 
LCD CS Digital output 
LCD SCLK Digital output 
LCD MOSI Digital output 


We know that we should use one of the chipKIT’s serial 
ports for the GPS module. We will avoid the first serial port as 
this is shared with the bootloader; the reference manual states 
that there is a second serial port, and its receive signal is on 
pin 39. So that’s one pin sorted out. For the LCD output pins 
and the button inputs we have a completely free rein, and 
so have chosen pins at random, selected only on the basis of 
giving easy physical access. We ended up with the following: 


Button 37 
GPS module 39 
LCD reset 35 


Everyday Practical Electronics, May 2012 


LCD light 33 
LCDMOSI 31 
LCD SCLK 29 
LCD CS 27 


We will find out shortly whether this is a good choice or not! 

So let’s hook it all up. It’s a good idea to plug in all the 
wires before connecting the board to a power source, such 
as the USB interface, to avoid damage to the LCD or GPS 
module. You can see our finished setup in Fig.4 


Software 

We are working through a series of simple programs lead- 
ing up to the final design, a summary of which is shown in 
Fig.5. The full source code files for these various steps can 
be found on the EPE website along with the final software. 

Although the circuit we are building is relatively simple, 
as this is anew hardware platform we creep up on the soft- 
ware slowly to test each connected device. It’s a good idea 
to start with the simplest visible action — flashing the LCD’s 
backlight. 

To start with we fired up MPIDE, loaded the Blink ex- 
ample Sketch that we played with last month, and simply 
modified the pin number we toggle from 13 to 33, match- 
ing our LCD’s backlight. Connecting the board and the PC 
together, waiting a few seconds for the USB driver to start, 
and then clicking the ‘Upload’ button in MPIDE resulted in 
a flashing backlight. Great! Simple, but it confirms that the 
basics are working, and gives a little boost in confidence as 
we prepare to tackle the more complex features. 

We move a little further forward now to test the button. 
The button is on pin 37, and needs to be initialised as an 
INPUT within the setup() loop. This introduces a new 
function call, digitalRead(pin), which will confirm wheth- 
er a pin (configured as an input) is currently at a HIGH or 
LOW. We simply wrap the contents of the loop() function 
in an ‘if’ statement, like this: 


void loop() { 
if ( digitalRead(37) == LOW) { 
digitalWrite(33, HIGH); 
delay(1000); 
digitalWrite(33, LOW); 
delay(1000); 
} 
} 


Now, the LCD backlight will only toggle when the button 
is pressed. 

(In theory we should have added a pull-up resistor to the 
button, in the range of 1KQ to 47k or so, as the port pins 
do not have pullups built in. In this case we found the pins 
typically float high, so it wasn’t necessary. Any real design 
would most definitely require a pull-up resistor). 


Fig.4. Our devices — display, GPS and a switch 
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Fig.5. Final main software loop 


SPI Interface 

Now things start getting interesting. 
It’s time to develop a bit-bashed SPI 
interface function, to provide our pro- 
gram with access to the LCD. This ap- 
proach is normal practice in software 
development; rather than write one 
long, complicated and difficult to un- 
derstand application, we break the 
problem up into layers, with each lay- 
er performing a clear, simple to under- 
stand operation. The layers above then 
become more abstract from the under- 
lying hardware, and the final program 
will therefore be easier to understand. 
That’s the theory, at least! 

The specification for what our SPI 
function needs to do is provided in 
Fig.1. As the SPI interface will not be 
shared with any other parts of the cir- 
cuit (or multiplexed, as it is called), we 
will set the CS, RESET, SCLK and MOSI 
ports to outputs in the setup() function, 
with the CS pin placed in the ‘off’ state, 
high, and the SCLK and MOSI pins low. 

Each transmission to the LCD consists 
of one or more bytes, each one preceeded 
with a single bit indicating whether the 
byte is a command or data byte. As there 
could be one or more transmissions in a 
message to the display, our lowest level 
function will send a single sequence of 
nine bits. The caller (the ‘next layer up’ 
in our program) can then determine how 
many times to call it, and control the CS 
line itself. 

This is a very simple routine to 
write, and can be found in the source 
code as void SPISendByte(mode,data) 
where mode is the value of the first bit, 
and data is the byte to send. 

At this point, the single source code 
file we were building was beginning to 
get a little disorganised; it would be bet- 
ter to place the low level code and the 
LCD drawing routines (or ‘primitives’ 
as they are called) in their own file. A 
search on the MPIDE ‘Help’ system re- 
vealed how this is done within the Ar- 
duino environment. Simply click the 
‘Right Arrow’ icon on the right-hand 
side of the MPIDE window, and select 
‘New Tab’. 

We create a file called ‘Icd_epson.cpp’ 
and then another called ‘Icd_epson.h’. 
When saved, these were automatically 
placed in the current project directory, 
and will be opened whenever you open 
the main project file. We moved the SPI 
write routines into lcd_epson.cpp, and 
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references to them and all the shared 
constants into the header file lcd_ 
epson.h. These files are regular ‘C++’ 
language files, and MPIDE will recog- 
nise this and compile them as such. To 
use the routines within our main proj- 
ect file we simply include a reference 
to the header file, like this: 


#include “lcd_epson.h” 


and then call the routines as though 
they were Arduino library functions. 
The only difference in fact is that we 
are storing the source code with our 
project files, whereas library routines 
are placed in an MPIDE directory. 
More on that next month. 

It was then a simple task of ‘porting’ 
(largely copying) the tutorial display 
write routines into lcd_epson.cpp. 
There were two features missing how- 
ever; the text routines support three font 
sizes, but we wanted a fourth — a double 
sized large font. Although this took a 
fair amount of hacking and two totally 
different approaches, it wasn’t long be- 
fore a solution was found. 

The final feature we wanted was a rou- 
tine to display colour bitmaps. Sparkfun, 
a supplier of a similar display, provide a 
simple .bmp file to ‘C’ header file genera- 
tor program, which is freely download- 
able from their website. This takes a stan- 
dard Windows 8-bit colour bitmap image 
file and generates a header file contain- 
ing the pixel data as an array of charac- 
ters. It took less than ten minutes to cre- 
ate the routine to display these, as it is a 
simple loop and a call to the lower level 
pixel printing routine. The image draw- 
ing routine was not terribly fast, but with 
the small image we were displaying and 
the fact that we draw it only once meant 
it was fast enough. 

With the final simple application run- 
ning the altitude text is updated every 
5.5s by erasing the old text and writing 
the new. The refreshing of the text is vis- 
ible, due to the fraction of a second that 
it takes to complete — clearly, it isn’t run- 
ning as fast as we would like. What can 
we do to improve this? 

Using an oscilloscope to view the 
data signals on the SPI bus, we could 
see that our ‘bit-bashed’ interface is 
running at 450kHz — well below the 
6MHz speed supported by the display. 
The speed could be significantly in- 
creased by writing the LCD access rou- 
tines in C and making use of the SPI 


hardware peripheral on 
the processor. 

We could also con- 
sider putting the display 
in an 8-bit colour mode 
rather than 12-bit. This 
would make the update 
30% faster as there are 
only two bytes to write 
per pixel rather than 
three. Using the pro- 
cessor’s SPI peripheral 
hardware could make 
the display update al- 
most ten times faster, 
but if the current perfor- 
mance is good enough, 
there is no need to both- 
er — and thus, you can 
avoid having to understand the com- 
plex details of the processor. 

In the end, we used 39KB of the 
124KB; not bad considering that 8KB 
of this is due to font data, bitmap data 
and startup code. Could we have done 
better in assembler language? Yes, sig- 
nificantly better. Would there have 
been a reason to do so? Probably not, 
unless we were building thousands of 
these and were looking to save £1 on 
the cost of the microcontroller IC. 


Conclusions so far 

It’s been fun creating this simple ap- 
plication, which has progressed in a 
few evenings to the point where we 
could put it in a box and start using 
it. (Actually, we have, and will discuss 
this next month.) The chipKIT board 
has plenty of free memory, which 
means we could add many extra fea- 
tures, such as a download facility to 
save the graph to a PC. 

It’s become apparent that MPIDE is 
quite a limited development environ- 
ment. When editing, for example, you 
cannot close one or more of the files in 
your project — it’s all open, or none at 
all. This was a problem when updating 
the bitmap header file, as you had to 
close the whole IDE down to be able to 
overwrite it. Twenty years ago it could 
have been considered a great innova- 
tion, but in today’s world it is a pain 
switching from our more usual devel- 
opment environments such as MPLAB, 
Eclipse or even Crimson editor. 

The ‘Arduino language’ is really 
nothing more than the C++ program- 
ming language. In the end, we gave up 
pretending it was anything else. Noth- 
ing wrong with that; Arduino provides 
a simple introduction to programming, 
but does not limit you to exploring the 
full capabilities of the C++ language 
as your confidence grows, and it was 
a great help to be able to code in the 
native language when necessary. 

Next month, we discard the GPS and 
LCD in favour of a handful of resistors 
to test the chipKit’s PIC32 processor to 
its limits. 
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4x Cmos 4013 SP164 2 x C106D thyristors 
4x Cmos 4081 SP165 2x LF351 Op-amps 
20 x 1N914 diodes SP166 20 x 1N4003 diodes 
25 x 10/25V radial elect caps SP167 5 x BC107 transistors 
12 x 100/35V radial elect caps SP168 5 x BC108 transistors 
15 x 47/25V radial elect caps SP172 3 x Standard slide switches 
10 x 470/16V radial elect caps SP173 10 x 220/25V radial elect caps 
15 x BC237 transistors SP174 20 x 22/25V radial elect caps 
20 x Mixed transistors SP175 20 x 1/63V radial elect caps 
200 x Mixed 0.25W CF resistors SP177 8 x 1A 20mm quick blow fuses 
5 x Min. PB switches SP178 8 x 2A 20mm quick blow fuses 
4x 4 metres stranded core wire SP181 5 x Phono plugs — assorted 
20 x 8 pin DIL sockets colours 
15 x 14 pin DIL sockets SP182 20 x 4.7/63V radial elect caps 
15 x 16 pin DIL sockets SP183 20 x BC547B transistors 
15 x BC557B transistors SP186 6 x 1M horizontal trimpots 
4x Cmos 4093 SP189 4x 4 metres solid core wire 
3x 10mm Red Leds SP192 3 x Cmos 4066 
3x 10mm Green Leds SP195 3 x 10mm Yellow Leds 
2x Cmos 4047 SP197 6 x 20 pin DIL sockets 
20 x Assorted ceramic disc caps SP198 5 x 24 pin DIL sockets 
100 x Mixed 0.5W CF resistors SP199 4 x 2.5mm mono jack plugs 
SP200 4 x 2.5mm mono jack sockets 


2 + External trigger and AWG 
60 to 200 MHz Bandwidth 
500 MS/s Sampling 


8 bits Resolution 
(12 bits enhanced) 


4 or 128 MS Buffer memory 
Price from £399 $658 €483 


High end features as standard: 
Advanced digital triggers, Persistence display modes, 


Mask limit testing, Serial decoding 


YEAR WARRANTY 


Catalogue available £1 inc. P&P 
or FREE with first order. 


RESISTOR PACKS — C.Film [PLP ee peril ANON 


sessvte vis toatl toes [AEs © | FOR THE FULL PRODUCT RANGE VISIT 


Sherwood Electronics, 
1000 popular values - 0.25W £7.00 
5 each value — total 305 - 0.5W £4.65 10 NEWSTEAD STREET, 


e 
MU RMMR — MANSFIELD, NOTTS. www.picotech.com/PS141 


NG19 6JJ 
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EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


Complex electronic 
systems in minutes 


New features include: 
+ Ccode views and customisation 
+ Simulation improvements 

+ Search and replace 

- New variable types 

+ Project auto-documentation 

+ Project explorer 

* Bookmarks 

+ Improved chip interrupt features 
* Compilation errors and warning 
+ Interrupts overhaul 


BmowswsS 


BrLowco0E 4 


Cs SG = MCE 


FLOWCODE S&S 


Sti stessess. 
fitttere vo 


tees 


The FlowKit can be connected to hard- 
ware systems to provide a real time 
debug facility where it is possible to 
step through the Flowcode program on 
the PC and step through the program 
in the hardware at the same time. The 
FlowKit can be connected to your own 
hardware to provide In-Circuit Debug 
to your finished designs. 


PRICES Prices for each of the CD-ROMs above are: Hlewcods < et orate 
(Order form on third page) & PIC24 PICMICRO only 
(UK and EU customers Hobbyist stiidentermea tee ee meetin tt £45.95 inc. VAT £58.80 inc. VAT 
add VAT to ‘plus VAT’ Professional (Schools/HE/FE/Industry)...........+ £149.00 plus VAT £199.00 plus VAT 
BE sone eos N/A £216.00 plus VAT 


prices) 
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Professional and Flowkit bundle 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 3 PiCmicro MCU 
development board 
Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn both 
how to program PlCmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 


Development Board. 


e Makes it easier to develop PICmicro projects 

e Supports low cost Flash-programmable PilCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 


HARDWARE 


e Supports PlCmicro microcontrollers with A/D converters 


e Fully protected expansion bus for project work 


e USB programmable 


e Can be powered by USB (no power supply required) 


ASSEMBLY FOR PiCmicro 
V4 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PiCtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vlab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications e Includes 
MPLAB assembler @ Visual representation of a 
PiCmicro showing architecture and functions @ 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 
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£161 including VAT and postage, supplied 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 4 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PiICmicro devices. 

Although the course focuses on the use of the 
PlCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers e 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PlCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


———— a 


O23 Bee ee er 


Winimum' system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space. 
Flowcode will run on XP or later 
operating systems 


Flowcode Professional (Schools/HE/FE/Industry) . . .£149 
Flowcode 10 user (Network Licence).............. £399 


Flowcode Site Licence 


with USB cable and programming software 


FLOWCODE FOR PiCmicro 
V4 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes. 

@ Requires no programming experience 

@ Allows complex PiCmicro applications to be 

designed quickly 

@ Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 

speeds up the development process. 

e Facilitates learning via a full suite of 

demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 

40-pin devices 

@ 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

e |2C. 

New features of Version 4 include panel 
creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices) 


inc VAT 
plus VAT 
plus VAT 
plus VAT 
plus VAT 
plus VAT 


navddaaAvoooooKooOUOUCS £799 plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary new software system that 
combines circuit design, PCB design, simulation and CAD/ 
CAM manufacture in one complete package. 


Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to 
produce an electronics project from start to finish — even including on-screen testing of the PCB prior 


to construction! 


* Circuit diagram design with component library (600 components 


Standard, 1500 components Professional) 


* Virtual instruments (4 Standard, 7 Professional) 


%* On-screen animation 

* Interactive circuit diagram simulation 
* True analogue/digital simulation 

* Simulation of component destruction 
* PCB Layout 

#* Interactive PCB layout simulation 

%* Automatic PCB routing 

* Gerber export 

# Multi-level zoom (25% to 1000%) 

* Multiple undo and redo 

%* Copy and paste to other software 


# Multiple document support 


This software can be used with the Jump Start and Teach-In 2011 series 


(and the Teach-In 4 book). 


Standard £61.25 inc. VAT 
Professional £91.90 inc. VAT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 


space. Windows 2000/ME/XP, mouse, sound card, web browser. 


EPE PIC 


RESOURCES V2 


Version 2 includes 

the EPE PIC 

Tutorial V2 series of 

Supplements 

(EPE April, May, 

June 2003) 

The CD-ROM con- 

tains the following 

Tutorial-related 

software and texts: 

@ EPE PIC Tutorial V2 complete series of 
articles plus demonstration software, 
John Becker, April, May, June ’03 

@ PIC Toolkit Mk3 (TK3 hardware 
construction details), John Becker, 
Oct 01 

@ PIC Toolkit TK3 for Windows 
(software details), John Becker, 
Nov ’01 

Plus 18 useful texts to help YOU get 

the most out of your PIC programming. 

Price £14.75 inc. VAT 


ELECTRONIC 


COMPONENTS PHOTOS 


A high quality 
selection of over 
200 jpg images 
of electronic 
components. 
This selection of 
high resolution 
photos can be 
used to enhance 
projects and presentations or to help with 
training and educational material. They 
are royalty free for use in commercial or 
personal printed projects, and can also 
be used royalty free in books, catalogues, 
magazine articles as well as worldwide 
web pages (subject to restrictions — see 
licence for full details). 

Now contains Irfan View image software 
for Windows, with quick-start notes 
included. 


Price £19.95 inc. VAT 


Assembly for PiICmicro V4 

O ‘C’ for 16 Series PlCmicro V4 
Flowcode for PICmicro 

C1 Flowcode for AVR 

C1 Flowcode for ARM 


Please send me: CD-ROM ORDER FORM 


Version required: 


seme | CA 


Hobbyist/Student 
Professional 
Professional 10 user 
Professional + Flowkit 
Site licence 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 


LC Flowcode for dsPIC & PIC24 


Note: The software on each version is the same, only the licence for use varies. 


EU residents outside the UK add £5 for airmail 
postage per order 


PiCmicro Development Board V3 (hardware) 


iT 

iT 

iT 

| 

iT 

1 

1 

1 

iT 

iT 

iT 

iT 

1 

1 | 

1 _ Professional, Multiple User and Site License 
1 Versions — overseas readers add £5 to the basic 
! price of each order for airmail postage (do not 
; add VAT unless you live in an EU (European 
1 

1 

iT 
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iT 

iT 

iT 
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O Circuit Wizard — Standard 

O Circuit Wizard — Professional 

Ci EPE PIC Resources V2 
Electronic Components Photos 


Union) country, then add VAT at 20% or provide 
your official VAT registration number). 


POINTERS SS hank os oct OP cet lta a dicate Lee Detee lntace paper ea eon etta lege btauael duane piteacate 3 
AdGHOSS:ais.5 csi es and a US deat oe een toe alt acted dS Send your order to: 

. Direct Book Service 
ined eens eee POStCOdG! :o2 oc Meee oe eee WONG cites Bitead Sucaiet Wimborne Publishing Ltd 
SIQHALUNG che ens Capa eee Ree eb eee be wears 


113 Lynwood Drive, Merley, Wimborne, 
Dorset BH21 1UU 
To order by phone ring ; 
01202 880299. Fax: 01202 843233 


Valid From: .......... Card expiry date:............. Conkb aa tema conuincaen cee 

Card No: Maestro Issue No. E-mail: orders @ wimborne.co.uk 
Dette et eet e nee eeee nee eee ers eeee sees: iy Babthiensiaca GaiGe hon: 

Card Security Code.......... (The last 3 digits on or just under the signature strip) oF 


www.epemag.com 
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READOUT 


Matt Pulzer addresses some of the general points 
readers have raised. Have you anything interesting to say? 


Drop us a line! 


All letters quoted here have previously been replied to directly 


&. 


WIN AN ATLAS LCR 
ANALYSER WORTH £79 


An Atlas LCR Passive Component Analyser, 
kindly donated by Peak Electronic Design 
Ltd, will be awarded to the author of 
the Letter Of The Month. The Atlas LCR 
automatically measures inductance from 1mH 
to 10H, capacitance from I pF to 10,000cF 
and resistance from 1Q to 2MQ with a basic 
accuracy of 1%. www.peakelec.co.uk 


Email: editorial@wimborne.co.uk 


w LETTER OF THE MONTH x 


WIB champion 


Dear editor 
I would like to start by thanking you 
for printing the Webserver In a Box 
(WIB) design in your December 2011 
issue. The article got me thinking 
about my needs for a remotely 
operated data logger system, basing it 
around the WIB design. Its powerful 
dsPIC processor and SD card storage 
make it the ideal building block. 
The EPE design is very good, but 
could be easily enhanced. I have a 
12V power supply, but using a linear 
regulator to create 3.3V from 12V 
is very inefficient. A commercially 
available step-down converter from 
Farnell could reduce power loss by 
1.5W to 2W. Alternatively, changing 
the LM317 to an LD33V low drop- 
out (LDO) regulator would easily 
facilitate operation from a 5V supply. 
As these changes could not be easily 
incorporated into the existing PCB, 
I have re-tracked it. The design will 
be made available online. 


Pre-programmed chips 


Dear editor 

Is there areplacement supplier for pre- 
programmed chips now that Magenta 
has stopped offering this service ? 

I am sure programming them 
myself is not very difficult, but I 
don’t want to have to invest in the 
different programmers that I assume 
are required for the many projects you 
now publish that are Microchip based. 
No doubt there is an article on how 
this is done, but I don’t recall seeing 
one recently. 


Malcolm Read, by email 
Matthew Pulzer replies: 


I am not aware of a company that 
offers one-off programming of chips 
— perhaps a reader knows otherwise? 
However, as you will see from 
February’s article on PIC programming, 
much of the programming for projects 
in EPE is covered by one, easy-to-use 
and cheap piece of equipment - the 
excellent PICkit 3 from Microchip. 
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As a regular user of the EPE Chat 
Zone  (www.chatzones.co.uk) I 
was aware, at an early stage, of the 
unavailability of the original SD 
card connector. Some recommended 
replacements were suggested, which 
I duly purchased and added to my 
custom PCB. For ease of use, a PIC 
in-circuit serial programming (ICSP) 
connector was also added — see Ian’s 
link for photo. The updated design 
has now been thoroughly tested and 
has proven very reliable. 

EPE’s Chat Zone has been a 
wonderful resource for discussing 
design issues, adapting the software 
for the larger 128K dsPIC part and 
general queries. I strongly advise 
readers to visit the Zone for help 
with the design — it has certainly 
been popular. 

I have adapted the software 
source code supplied with the 
design, and created a new software 
release that removes the need for 
the MAC EEPROM, but supports 
the ICMP protocol and hence ping 


Furthermore, the regular PIC n’ Mix 
articles by Mike Hibbett are an excellent 
introduction to this fascinating and 
flexible technology. I appreciate that 
this does not directly answer your 
question, but you really can go a long 
way with just the PICkit 3, especially 
with most ‘smart’ EPE projects 


The secret’s in the code 


Dear editor 
I have wanted to write to you for some 
time now, but had not been able to get 
around to it. If you think you are busy 
now, just wait until you retire! 

About two months ago, my wife and 
I went grocery shopping and while 
I was busy putting my debit card 
away I heard a ‘scream’, followed by 
expletives coming from the kitchen. 
My wife is a very calm quiet person, 
and hardly ever gets into hysterics 
over a till receipt — ‘What’s the 
matter?’ I asked. ‘They’ve done it 
again’, she said. ‘Who? done what?’ 
‘Those **!$@*s have charged me three 
times over for the bread.’ 


messages. See the Chat Zone for 
further details. 

My future plans for this design are 
to adapt it to interface to a couple 
of sensors and act as a remotely 
accessible data logger, with a future 
upgrade using a Microchip Wi-Fi 
module. The hardware design is not 
too tricky, but the software will be 
an interesting challenge. 

I have posted a Wiki that describes 
these changes in much greater detail, 
see: http://wibwiki.wikispaces.com. 


Ian Stedman, by email 
Matt Pulzer replies: 


Most impressive work Ian; if there is 
one thing we like more than a good 
project, it’s seeing readers improve 
it. WIB has been one of the most 
popular projects of recent years, 
and I would like to echo Ian’s advice 
for readers/constructors to go to the 
Chat Zone if problems have been 
encountered. 


This was the same day I noticed an 
inch and a half square on the front 
page of the newspaper, with strange 
symbols. I thought of Dan Brown’s 
novel — The Lost Symbol — but what 
could it mean?! Later, I picked up my 
copy of EPE, turned to my favourite 
pages, Net Work, and there it was 
again, the same type of symbol! 

The electronics industry has never 
been backward in coming forward 
to tell us what we ‘must’ have, but 
sometimes they miss the real money 
maker by packing in too much of what 
we don’t really need. 

QR codes, it seems, could be useful, 
but for me at this time, all I want is a 
simple bar code reader. There was a 
supermarket chain, which had a branch 
near where I used to live (I think they 
went belly up) which came up with 
the idea of letting registered customers 
scan items as they go around the store, 
then just paying at a special checkout 
with only one in ten trolleys actually 
checked. For this, the store provided a 
small portable scanner. 

I have always wanted one of those 
scanners, and I suspect there are 
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thousands of people who feel the 
same way, because every time I go 
into a store there is always an item 
that is not price marked and quite 
often wrongly priced. Just think how 
confident my other half would be if 
she carried a barcode scanner while 
shopping. Is there a mobile phone 
size one on the market? 


Phil Foster, by email 
Alan Winstanley replies: 


Thanks for your email and for your 
kind comments about my Net Work 
column. I enjoyed reading your mail. 

I have been heavily involved with 
product and packaging design, and I 
worked closely with barcode systems 
and artwork as part of my job. 
The point is, product barcodes are 
meaningless unless they reference a 
database. A scanner merely captures 
a product’s unique digital data and 
‘looks it up’ on a database of stock 
levels and prices. 

EPE aficionados might seek out EPE 
August 1993 issue for my article on 
Those Amazing Barcodes. 

To answer your question, a typical 
EAN8& or EAN13 barcode merely 
represents the barcode’s country of 
origin, the manufacturer’s unique ID 
and item number, and a check digit. It 
contains no pricing data directly. So, 
in order to scan an item at your local 
store to verify the retail price, you’d 
have to access a look-up database and 
obviously, the same item might cost 
something else at a different store. 

Barcode reader apps are readily 
available for mobile phones (eg, 
ZXing for Android), relying on their 
built-in camera rather than a laser 
diode. Have a look at www.mobiletag. 
com for starters. Price-comparison 
barcode reader apps seem to be 
emerging, but it is early days, and I 
have not tested them. I can imagine 
there will be many an in-store rumpus 
when they become commonplace in 
the next few years. 


Alan Winstanley, EPE online editor 


Readers can contact Alan by email 
at: alan@epemag.demon.co.uk 


Mac vs Windows OS security 


Dear editor 

My son, who is a software developer, 
persuaded me to buy an Apple Mac 
instead of a Windows-based computer. 
He said that I do not need any security 
software for it as there are no viruses 
for a Mac. 

Should I buy some security software 
and which software would you recom- 
mend? 

Please keep up the good work, I 
enjoy your articles every month. 


Jim Bennett, by email 


Alan Winstanley replies: 


Thank you for your email and for your 
kind comments. 
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Mac owners often say that their 
systems are immune from viruses 
or worms, though I doubt if anyone 
(including Apple themselves) will ever 
give a money-back guarantee that their 
systems cannot be attacked in the future 
by, for example, a malicious website 
hosting trojans; subjected to malicious 
scareware or viruses introduced by 
peripheral hardware such as a USB 
drive, key logger; or infection through 
eavesdropping via VoIP or Bluetooth. 

Many forms of IT hardware, 
including ATMs and credit card 
machines have been hacked in ways 
that are unimaginable, and recently 
an engineer was intercepted in the UK 
carrying Bluetooth-based hardware 
capable of capturing PIN numbers. I 
acknowledge that Windows users have 
a hard time because the sheer size of 
the Windows user base offers a happy 
hunting ground that can be exploited 
by malicious hackers and virus writers 
around the world. 

Personally, I would never take 
anything for granted, nor would I fully 
believe any cast-iron assurances about 
security. In my opinion, it’s foolhardy to 
assume total immunity from an attack. 
To help you decide, the business- 
service security firm Sophos published 
a History of Apple Mac Viruses 1982- 
2010 at: http:/Ainyurl.com/27ujnhy 

I’m afraid I can give no personal 
recommendations for Mac anti-virus 
software. Norton AntiVirus 12 for Mac 
costs £39.99 per year per machine 
(see http:/Ainyurl.com/653ake5), and I 
believe any such product will be better 
than nothing at all. Mobile phone 
users are fast becoming susceptible to 
similar issues. I’m afraid it’s all part of 
the hidden cost of ownership of an IT 
system today. 


Matthew Pulzer also replies 


The answer to this is partly 
historical, partly technical and partly 
‘demographic’. Mac OS X is based 
on UNIX, which has always had 
some security built into it, and it was 
inherently more secure than earlier 
versions of Windows. This helped to 
build the ‘more secure’ reputation, but 
is probably an obsolete reason now. 

Second, since Apple ‘make 
everything’ from the ground up, ie 
both hardware and software, they 
are in a better position to build-in 
security to their systems. It also means 
there aren’t hundreds of different 
Apple computer varieties, opening 
up vulnerabilities as designers try to 
accommodate a wide specification 
of ‘what a PC is’. Apple has also 
been very good at supplying OS 
upgrades over the web with extremely 
straightforward installation, which 
encourages users to keep up to date, 
thereby helping to suppress whatever 
malware is out there. 

Third, Alan is quite correct to point 
out that the vastly larger Windows 
user base means that it is a much more 
attractive target for virus writers. 

Last, some anecdotal comments. I 
used to be a Windows user, up to XP; 


after that, I switched to Mac OS. My 
personal experience has been that 
with Windows I had a great deal of 
problems with viruses (and also anti- 
virus software). However, in the near-ten 
years of using a Mac I have never had a 
virus problem — not once. 

Ishould point out that as a magazine 
editor, I receive a great deal of emails 
with attachments and I am a pretty 
heavy user of the Internet - I should 
be a prime target for problems. For 
nine of those ten Mac years I had no 
anti-virus software at all. This wasn’t 
just arrogant ‘Apple-fan bravura’, but 
based on good advice. 

A cousin of mine runs the 
computer system for a Cambridge- 
based commercial physics research 
company. He is responsible for 
servers, personal computers, and a 
great deal of valuable, commercially- 
sensitive data. His system was all 
Apple based, and up until roughly 
this time last year, his experience- 
based advice to me, as a Mac user, 
was to not bother with any anti-virus 
software. 

His view was that the hassle of 
installing and maintaining it was 
simply not worth the very small 
tisk of the viral risks to Macs. Now, 
however, he does feel that while the 
tisk is still small, it is not trivial, and 
he recommends the free Mac anti- 
virus software from respected supplier 
Sophos, available at: http:/Awww. 
sophos.com/en-us/products/free-tools/ 
sophos-antivirus-for-mac-home- 
edition.aspx. 

I'll end this point with a reminder 
that my experience is _ purely 
personal, and I really don’t want to 
engage in system wars. No computer 
or computer-based system is immune 
to attack, but for a variety of reasons 
I do believe Macs are somewhat 
safer. That said, I do now use and 
recommend the Sophos product 
mentioned above 


Bespoke boxes and other 
hardware 


Dear editor 
One possible solution, around Nigel 
Fraser’s problem (Thinking outside 
the box, Readout, Oct 2011) is the use 
of 3D printing for short-runs or demo 
boxes. Boxes can be ‘printed’ in plastic, 
glass or metal (including stainless- 
steel), depending on the company’s 
equipment. A company that does this 
kind of work is: www.shapeways.com, 
though there are others around, and 
closer to home. 

You need to generate CAD files for 
the case, but you would get exactly 
what you draw. 


Liam Collins, by email 
Matthew Pulzer replies: 


Thank you Liam, last time I checked 
the Shapeways website they had a 
nice little case for the Raspberry Pi on 
the home page, so you are spot on with 
your suggestion 
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Pico IU Prize 


Dear editor 
At first I couldn’t understand why the 
postman had delivered an oscilloscope 
that I hadn’t ordered. But then I read 
your letter. 

I built my first oscilloscope when I 
was still a student. It used a CRT from 
a WW2 aircraft radar. The circuitry 
of the Japanese double beam scope I 
am using at present is essentially the 
same as my original — except that 
transistors have replaced valves. But 
the Pico PC-based scope is, of course, 
quite different, I am looking forward 
to getting to grips with it and making 
good use of it. 

Thank you for a delightful and 
unexpected award; and please pass 
my thanks to Pico for their generosity 


Murray Ward, Godalming 
Matthew Pulzer replies: 


Thanks forthanks Murray! Readers of my 
September 2011 editorial will remember 
that Murray won a superb PicoScope 
3206 Digital Storage Oscilloscope worth 
£799 for his outstanding Ingenuity 
Unlimited submission — Regulating 
grandfather by radio. He managed to 
combine a radio time signal, a cheap 
radio clock, analogue electronics 
and electromechanical components 
to regulate the pendulum of his 18th 
century grandfather clock (without 
altering the clock’s precious ‘works’). He 
is a worthy winner, well done. 

If you have a great idea, or have built 
an unusual or clever circuit or project, 
we'd love to hear about it. We publish 
and pay for the best; plus, you get a 
chance to win a fabulous prize. 


More on SI units 


Dear editor 
In the April 2012 issue (p.66) I read 
Stef Niewiadomski’s letter about SI 
units with a big smile on my face. You 
see, I created a chart that goes beyond 
the usual basic information that I 
believe will help ‘newbies’ to see the 
difference between SI and US notation. 
Please have a look at my web- 
site: http://elecurls.tripod.com/Euro_ 
vs_USA.htm 


Keep up the great work! 
Ted Mieske, California, USA 
Matthew Pulzer replies: 


Great work Ted, I particularly enjoyed the 
translation from English to American! 


Rage against the machine! 


Dear editor 
I think the news item on Raspberry Piin 
the March issue had the wrong address 
for the beginners guide to Raspberry Pi 
— there should not be a space between 
‘rasp’ and ‘berry’. 

I do wonder what idiot said that 
computers can be a great help in life, 
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because I seem to spend most of my 
time fighting the things. 

At the moment, they are talking 
about illegal information gathering, but 
anybody purchasing the Dragon dictation 
program is required to authenticate it, 
and after the process is complete, you 
get a ten-page questionnaire that asks 
you almost everything about your habits 
(almost down to your size in hats) which 
I refused to answer. 

They then offer you a service for 
improving your accuracy, which 
requires you to send every scrap of 
dictation to them to play around with. 

Now, despite an anticipated law 
demanding that suppliers ask for 
permission to insert cookies on your 
computer it still seems to happen and 
one of the worst offenders is the BBC. 

Despite having all these anti-virus 
programs, I still frequently get problems. 
However, a neighbour of mine has never 
had any problems, despite being online 
for two years and she doesn’t have an 
anti-virus program. It does make you 
wonder if it’s all scareware. 

I read once that an unprotected 
computer will get infected within 
five seconds, and yet when you buy 
a computer from new and manage to 
download your Internet provider’s 
software you have been online for 
probably 30 minutes with no problems. 

All very curious. 


GS Chatley, by email 


Alan Winstanley replies: 


Thanks for the email. Yes there was an 
unfortunate space in the Raspberry Pi 
address. (My fault! — Ed) 

I covered the EU cookie law problem 
in the April issue of Net Work. Cookies 
bring some user benefits, but there 
are privacy implications too: they 
can help to ‘personalise’ web page 
adverts, as they can focus more on 
your own surfing history rather than 
the context of a website that displays 
it. Some people will find this intrusive 
and unsettling. It’s to be hoped that a 
future web browser upgrade will allow 
suitable end-user control over cookies. 

Regarding anti-virus _ software, 
your neighbour’s system could be 
infected without his or her knowledge, 
including: a spamming virus sending 
out junk, or being controlled as part of 
a botnet’s distributed denial of service 
(DDoS) attack against another website; 
or keyloggers recording their online 
transactions in the background (eg, 
credit card capture or login data). 

Using social engineering techniques, 
online fraudsters try to silently defraud 
their victims without mercy, and I 
believe that anti-virus protection and 
regular updates are absolutely critical. 
You would be doing us all a favour by 
pointing your neighbour immediately to 
AVG Free Edition or Microsoft Security 
Essentials free anti-virus (and also 
maybe MalwareBytes’ anti-malware 
and Spybot Search and Destroy). I’m 
afraid there’s no reason at all not to be 
covered, if only to protect everyone else! 
Thank you for your continued interest. 


Need a small and 
cost-effective device? 


Look no further. 


PoScope Megai+ 


Smallest USB 2.0 portable 1MS/s oscilloscope 
Data acquisition of analog and digital signals 
Data recording 

Export to CSV, XLS, PDF and HTML 

Simple usage of advanced features 

Examples for C++, VB, Delphi and LabView 
Free software and updates 


PoKeys 56 


Smallest USB HID or ETHERNET I/O interface 
Keyboard and joystick simulator (USB) 

55 digital 1/O (configurable) 

LCD and LED matrixes driver 

6 PWM outputs, 26 encoder inputs 
Supports up to 10 I2C, 1-Wire sensors, 

up to 7 analog sensors 

Expandable with PoNet 

Free software and web interface (Ethernet) 


Visit www.poscope.com 
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by Alan Winstanley 


On guard! 


ELCOME to this month’s Net Work, the column 

written to help readers get more from the Internet. 

EPE readers generally have a large advantage over 
many Internet users in that they are technically-orientated, 
but I am constantly appalled by the cases I come across of 
ordinary non-technical users falling for the latest scams. 

I'll start this month’s column with a timely warning about 
phoney and unscrupulous IT support scammers that cold-call 
Internet users to advise ‘customers’ that they have a problem 
with their system. In a typical scenario, Internet users receive 
an unsolicited phone call from someone with a British- 
sounding name accompanied by a thick foreign accent. 
The scammers claim that they work for Microsoft or BT, for 
example, and that there is a technical problem on the user’s 
computer. After running some ‘tests’, they will then offer to fix 
it. In effect, what happens is that the scammers trick their way 
into setting up a remote networking session: one victim told 
me a few days ago how he was totally amazed by the fact that 
his mouse pointer was moving around on-screen without any 
input from him: he had never seen anything like it. 

It then appears that a rogue ‘scareware’ program is 
installed and run on the local system, which appears to 
scan the computer’s registry. The victim looks on wide-eyed 
while a string of so-called ‘errors’ is displayed on his screen. 
Of course, there will always be Windows registry ‘errors’, 
which are frequently benign in nature, such as legacy 
file associations from uninstalled programs, or a missing 
document’s pathname, but the errors look very worrying 
to the uninitiated and the helpless victim becomes a prime 
target to be ripped off without mercy. 


What next! 

EPE readers can guess what happens next: the scammers 
play upon these fears and they fret people into ‘unlocking’ 
what is a worthless piece of software. All it takes is a credit 
card number and then victims can be stung for hundreds of 
pounds. My ‘relieved’ victim reported that, after a short time, 
their laptop started to lock up and not even their local IT 
repair shop could fix it despite several visits to the store. 

There is also evidence that such details get sold on to other 
scammers, rather like being placed on a ‘sucker’s list’. The 
same person claims to have received several such calls from 
different companies after falling for the trick once already, 
but he learned an expensive lesson. 

I can well understand how inexperienced or elderly 
Internet users could fall for this shameful con-trick, but the 
scam gets uncomfortably close to home when friends or 
family are involved. EPE readers can help to counter this 
heartless scam by educating vulnerable users not to succumb 
to such an exploit. There is no such thing as unsolicited 
telephone support, and never allow an untrusted third party 
to attempt to connect to your system remotely. No-one will 
ever cold call you claiming that your system has an error, and 
credit card details should never be given out to them. 

So-called ‘scareware’ programs often surface when I’m 
scouting around on the web. Many EPE readers will have 


74 


TO GT a 


seen phoney pop-ups appear that warn of errors on their 
system, and frequently they will be offered a free ‘scan’. To fix 
the problem, of course, requires you to purchase a program. 
It’s a lucrative business and in 2010 a pair of US fraudsters 
were prosecuted for running an $8 million scareware scam 
that duped millions of users; see: www.ftc.gov/opa/2011/01/ 
winsoftware.shtm 

It’s worth remembering that a free, high quality registry 
tool called CCleaner is available from the heroes at Piriform 
(www.piriform.com). This is probably the only registry tool 
that most Windows users will ever need. CCleaner includes a 
great uninstaller tool — how many times have you visited the 
Windows control panel to remove a program, only to suffer a 
lengthy delay while Windows lists all the programs available 
for uninstalling? CCleaner lists all such programs instantly, 
ready for removal. It is a much faster way of removing 
programs, especially on older machines. 


Piriform’s CCleaner is an excellent free registry repair tool and 
uninstaller 


I have discussed registry tools in the past, and it remains 
the case that there are countless semi-worthless software 
downloads around. The download link itself can be 
obfuscated, and I also hate visiting a website en route to 
a specific download, when I am confronted with a large 
‘Download Here’ link instead, only to find that I missed my 
intended target and clicked-through an advertiser’s link that 
has just earned somebody a few cents. 


Life’s a lottery 

Other forms of online scams continue unabated. The writer’s 
email address is still bombarded with phoney lottery ticket 
prizes or fraudulent phishing emails; as I write this article 
I learn that I have just won €500,000 in the Euro Million 
Online Raffle and £1% million in the London Olympic 2012 
Games Lottery as well. It seems that some major UK banks 
are singled out for special treatment: numerous phishing 
emails posing as Santander and Halifax arrive constantly. 
Almost every email starts with ‘Dear Customer’, which is 
an immediate giveaway, though some try to appear more 
authentic by including your email address in the text instead. 
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Countless phishing mails still arrive with an elaborate 
cover story promising instant riches. Some of them stoop very 
low, spinning the most appalling story of terminal illness or 
suffering. Scam emails usually end by asking for your details, 
date of birth and phone number. The catch is, of course, that 
having ensnared you, they will start to milk you for up-front 
fees. This is ‘Advance Fee’ or ‘419’ fraud in full swing, and 
it is so widely publicised that one would think they had run 
out of steam by now, but a fool is born every minute and if 
only one or two take the bait — it is always fuelled by personal 
greed — then rich pickings can still be had by these fraudsters. 
Advance Fee fraud is not unique to the Internet though, as the 
Serious Fraud Office described in the £4 million Gresham Ltd 
case. See http://Ainyurl.com/7085xnv 

Bogus websites offering cheap finance are also widespread. 
This is a particularly cruel scam because it targets vulnerable, 
undiscerning people who genuinely need financial help. 
The websites ask for personal details and a phone number 
to verify their identity. A British TV crew made a phoney 
application online and received a phone call immediately, 
confirming they were eligible for a cheap loan; a vulnerable 
couple in Coventry were tricked by the same foreign callers 
into paying £450 in advance fees. 

Other scams that are still prevalent include ‘Personal 
Shopper’ fraud, asking you to purchase goods with your 
credit card for shipping to other countries. Any payments 
you receive eventually ‘bounce’. Money laundering con- 
tricks recruit victims by email to act as a ‘Payment Processing 
Agent’. You may receive (stolen) monies that you forward to 
the crooks, in return for keeping 10% as commission. The 
stolen money is then clawed back, so you lose the cash that 
you forwarded to the crooks. To make matters worse, in 
Britain, the money-launderers are also held criminally liable, 
no matter how gullible or naive they are. 

There is probably no finer online resource in the world to 
explain how these villains work than Bob Bear (www.bobbear. 
co.uk) where an endless list of current and archived frauds 
is listed. The website should be compulsory reading to help 
inexperienced users recognise common types of online fraud. 

Once again, tech-savvy EPE readers can do their bit by 
helping to ensure that friends and family are alerted to the 
kind of social engineering and unscrupulous trickery that is 
all too prevalent on the Internet these days. 


In summary 


e Try to maintain up to date anti-virus software to protect 
your system against keylogging attacks, banking Trojans or 
infected websites. The latest banking Trojans are extremely 
sophisticated and AV software is the best protection that 
you have. It also helps prevent your machine being taken 
over by botnets. Some banks (eg, HSBC) provide Rapport 
software free to authenticate a banking website’s address. 


Personal details posted online can help ID thieves to build 
a more realistic profile of you. Consider whether you are 
posting too much information in your Facebook profile. 


Using strong passwords with some non-alphanumeric 
characters makes it much harder for hackers to guess 
your logins. They will hopefully give up and try easier 
pickings elsewhere. 


Malwarebytes Anti-Malware software from malwarebytes. 
org (only) and Spybot Search and Destroy from www. 
safer-networking.org (only) are highly recommended. 
Scan your system periodically and beware of sound-alike 
imitations. 


Emails that start ‘Dear Customer’, or which do not 
address you by name, can be dismissed straight away. 
While it’s tempting to respond with a pithy comment, 
never reply nor arrange to meet anyone: some criminal 
gangs operate from abroad (eg, Rotterdam) and can visit 
a London hotel and return home in a day. 


Never buy online from an unknown source if payment 
by Western Union is requested. It helps to enrol debit 
and credit cards in authentication systems, including 
Verified by Visa and Mastercard SecureCode. 
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On location 

Last month, I mentioned the MaxMind GeolIP website (www. 
maxmind.com) which claims to help pinpoint the physical 
address of a user based on their IP address, Data can then be 
used for marketing or anti-fraud purposes. MaxMind states 
that they ‘employ user-entered location data from sites that 
ask web visitors to provide their geographical location.... 
and run them through a series of algorithms that identify, 
extract and extrapolate location points for IP addresses.’ 

I wanted to know how it can be possible to find out one’s 
geographical location just from their IP address. The head of 
a UK Internet Service Provider explained to me that location 
information cannot be derived directly from a user’s IP. 
For example, my own IP address is registered via RIPE (a 
Regional Internet Registry, see www.ripe.net), and only my 
ISP (acting as an LIR or Local Internet Registry in all this) 
knows my precise location. RIPE only knows that my IP 
is allocated to a UK user, nothing else. So where can more 
precise Geographical IP location data come from? 


RIPE is one of the registries responsible for the allocation of 
IP addresses: they only know the country code, not the end- 
user's physical location 


To test this further, we tried the ADSL address of an IP 
CCTV camera to see what would happen. The key point is 
that no form of surfing or web browser was going on at that 
dedicated IP address, and the IP address had not been used by 
anyone else, so it was considered ‘clean’. The GeoIP lookup 
came back as IP 1XX.XX.[REDACTED] GB United Kingdom 
H9 London, City of London 51.5002 -0.1262 ... That is about 
as wide of the mark as it is possible to be, because the CCTV 
camera is located 450 miles away in Scotland. 

My own IP address was then tested, and a reasonably close 
approximation of my address was displayed. This again 
begs the question of user privacy, as it is being claimed that 
private data from, for example, web browsing or form-filling — 
excluding the user’s name — is being captured and exchanged 
by certain websites. This seems to be the only way in which 
a physical location can be gleaned from a user’s IP, given that 
not even RIPE (in my case) knows my geographical address, 
and it’s RIPE that allocated the IP address to my broadband 
provider to begin with. And what if a user changes IP 
address? Can the location of another user be wrongly paired 
with a recycled IP address? Many questions are thrown up 
by this practice, which will doubtless come under more 
scrutiny over time. 

That’s all for this month’s Net Work. You can email me at 
alan@epemag.demon.co.uk or write to the editor for possible 
publication in Readout at editorial@wimborne.co.uk 
There is also a new section dedicated to Net Work in our 


forum at www.chatzones.co.uk 
a 


Check us out on the web!! 
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ELECTRONICS TEACH-IN BUNDLE - 


CIAL BUNDLE PRICE £14 FOR PARTS 1,2 &3 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 

This Teach-in series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance 
Parts Selector V2.32; Treelink; Motor Control Solutions; 
16-bit Embedded Solutions; 16-bit Tool Solutions; Human 
Interface Solutions; 8-bit PIC Microcontrollers; PIC24 
Micrcontrollers; PIC32 Microcontroller Family with USB 
On-The-Go; dsPIC Digital Signal Controllers. 


CD-ROM Order code ETI2 CD-ROM £9.50 


Book and CD-ROMs 


Order code ETIBUNDLE 


ELECTRONICS TEACH-IN 3 


The three sections of this book cover 
a very wide range of subjects that will 
interest everyone involved in electronics, from hobbyists and 
students to professionals. The first 80-odd pages of Teach-In 3 
are dedicated to Circuit Surgery, the regular EPE clinic dealing 
with readers’ queries on various circuit design and application 
problems — everything from voltage regulation to using SPICE 
circuit simulation software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The free cover-mounted CD-ROM is the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction to 
electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial), together with simulations 
of the circuits in the Teach-In 1 series, plus Flowcode (a 
limited version) a high level programming system for PIC 
microcontrollers based on flowcharts. 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series. The contents of the book and Free CD-ROM have 
been reprinted from past issues of EPE. 


160 pages Order code ETI3 £8.50 


Bundle Price £14.00 


COMPUTING AND ROBOTICS 


WINDOWS XP EXPLAINED 
N. Kantaris and P. R. M. Oliver 

If you want to know what to do next when confronted with 

Microsoft's Windows XP screen, then this book is for you. It 
applies to both the Professional and home editions. 
The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need 
in order to run Windows XP successfully, and gives an 
overview of the Windows XP environment. 

The book explains: How to manipulate Windows, and 
how to use the Control Panel to add or change your printer, 
and control your display; How to control information using 
WordPad, notepad and paint, and how to use the Clipboard 
facility to transfer information between Windows applications; 
How to be in control of your filing system using Windows 
Explorer and My Computer; How to control printers, fonts, 
characters, multimedia and images, and how to add hardware 
and software to your system; How to configure your system to 
communicate with the outside world, and use Outlook Express 
for all your email requirements; how to use the Windows Media 
Player 8 to play your CDs, burn CDs with your favourite tracks, 
use the Radio Tuner, transfer your videos to your PC, and how 
to use the Sound Recorder and Movie Maker; How to use the 
System Tools to restore your system to a previously working 
state, using Microsoft's Website to update your Windows set- 
up, how to clean up, defragment and scan your hard disk, and 
how to backup and restore your data; How to successfully 
transfer text from those old but cherished MS-DOS programs. 


Order code BP514 £7.99 


INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together” components supplied in the basic RIS kit. explains in 
simple terms how the “brain” of the robot may be programmed 
on screen using a PC and “zapped” to the robot over an infra- 
red link. Also, shows how a more sophisticated Windows 
programming language such as Visual BASIC may be used to 
control the robots. 

Detailed building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages + Large Format @GEgr ERE £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 

Shows the reader how to 
extend the capabilities of the 
brilliant Lego Mindstorms 
Robotic Invention System 
(RIS) by using lego’s own 
accessories and some simple home constructed units. You will 
be able to build robots that can provide you with ‘waiter service’ 
when you clap your hands, perform tricks, ‘see’ and avoid objects 


264 pages 
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by using ‘bats radar’, or accurately follow a line marked on the 
floor. Learn to use additional types of sensors including rotation, 
light, temperature, sound and ultrasonic and also explore the 
possibilities provided by using an additional (third) motor. For the 
less experienced, RCX code programs accompany most of the 
featured robots. However, the more adventurous reader is also 
shown how to write programs using Microsoft's VisualIBASIC 
running with the ActiveX control (Spirit.OCX) that is provided 
with the RIS kit. 

Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour. 


298 pages Order code BP902 £14.99 


THE PIC MICROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE 

- THIRD EDITION John Morton 

Discover the potential of the PIC microcontroller through 
graded projects — this book could revolutionise your 
electronics construction work! 

A uniquely concise and practical guide to getting up and 
running with the PIC Microcontroller. The PIC is one of the 
most popular of the microcontrollers that are transforming 
electronic project work and product design. 

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
— you start work with the PIC straight away. 

The revised third edition covers the popular 
reprogrammable Flash PICs: 16F54/16F84 as well as the 
12F508 and 12F675. 


270 pages 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 
If you are, or soon will be, involved in the use of microprocessors 
and microcontrollers, this practical introduction is essential 
reading. This book provides a thoroughly readable introduction 
to microprocessors and micrcontrollers. Assuming no previous 
knowledge of the subject, nor a technical or mathematical 
background. It is suitable for students, technicians, engineers 
and hobbyists, and covers the full range of modern micros. 
After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects which 
have proved difficult, for example 2’s complement, are 
clearly explained. John Crisp covers the complete range of 
microprocessors from the popular 4-bit and 8-bit designs to 
today's super-fast 32-bit and 64-bit versions that power PCs 
and engine management systems etc. 


Order code NE31 £29.99 


Order code NE36 £25.00 


222 pages 


ELECTRONICS 


ELECTRONICS TEACH-IN 4 


A Broad-Based Introduction to Electronics 
plus FREE CD-ROM 

The Teach-In 4 book covers three of the 
most important electronics units that are currently studied in 
many schools and colleges. These include, Edexcel BTEC 
level 2 awards and the electronics units of the new Diploma in 
Engineering, Level 2. 

The Free cover-mounted CD-ROM contains the full Mod- 
ern Electronics Manual, worth £29.95. The Manual contains 
over 800 pages of electronics theory, projects, data, assem- 
bly instructions and web links. 

A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Available NOW - see page 24 in this issue for details 


The books listed have been selected 
by Everyday Practical Electronics 
editorial staff as being of special 
interest to everyone involved in 
electronics and computing. They 
are supplied by mail order direct to 
your door. Full ordering details are 
given on the last book page. 


FOR A FURTHER SELECTION 
OF BOOKS AND CDROMS 
SEE THE UK SHOP ON OUR 
WEBSITE 


Wwww.epemag.com 


All prices include UK 
postage 


EASY PC CASE MODDING 

R.A Penfold 

Why not turn that anonymous grey tower, that is the heart of 
your computer system, into a source of visual wonderment and 
fascination. To start, you need to change the case or some case 
panels for ones that are transparent. This will then allow the inside 
of your computer and it’s working parts to be clearly visible. 

There are now numerous accessories that are relatively 
inexpensive and freely available, for those wishing to 
customise their PC with added colour and light. Cables and 
fans can be made to glow, interior lights can be added, and it 
can all be seen to good effect through the transparent case. 
Exterior lighting and many other attractive accessories may 
also be fitted. 

This, in essence, is case modding or PC Customising as 
it is sometimes called and this book provides all the practical 
details you need for using the main types of case modding 
components including:- Electro luminescent (EL) ‘go-faster’ 
stripes: Internal lighting units: Fancy EL panels: Data cables 
with built-in lighting: Data cables that glow with the aid of ‘black’ 
light from an ultraviolet (UV) tube: Digital display panels: LED 
case and heatsink fans: Coloured power supply covers. 


192 pages + CD-ROM @ile}ieimefere B=] 27.7) £8.99 


ROBOT BUILDERS COOKBOOK 

Owen Bishop 

This is a project book and guide for anyone who wants to 
build and design robots that work first time. 

With this book you can get up and running quickly, building 
fun and intriguing robots from step-by-step instructions. 
Through hands-on project work, Owen introduces the 
programming, electronics and mechanics involved in practical 
robot design-and-build. The use of the PIC microcontroller 
throughout provides a painless introduction to programming — 
harnessing the power of a highly popular microcontroller used 
by students, hobbyists and design engineers worldwide. 

Ideal for first-time robot builders, advanced builders wanting 
to know more about programming robots, and students 
tackling microcontroller-based practical work and labs. 

The book’s companion website at http://books.elsevier. 
com/companions/9780750665568 contains: downloadable 
files of all the programs and subroutines; program listings 
for the Quester and the Gantry robots that are too long to be 
included in the book. 


366 pages Order code NE46 £26.00 
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COMPUTING & PROJECT BUILDING 


eBAY - TWEAKS, TIPS AND 
TRICKS ; 


R. A. Penfold 
Online auction sites are one of the most popular types of site 
on the internet, and the most popular of these is the eBay 
site. On eBay you can buy and sell practically anything at 
surprisingly low cost, and all from the comfort of your armchair! 
This book contains numerous tweaks, tips and tricks 
covering various aspects of buying and selling on eBay. 
These tweaks, tips and tricks will help both new and more 
experienced users of the site to make the most of eBay’s 
facilities while remaining safe and secure. 
Among the many topics covered are: Finding the items 
you require using the eBay search facility: Getting the best 
prices when buying and selling on eBay: Avoiding both 
buying and selling scams: Determining the market value for 
items you intend buying or selling: How to avoid problems 
that may arise when buying and selling on eBay: Making 
the most of the various facilities that are built into the eBay 
site: How to take good photos of items you wish to sell using 
basic equipment: Using the My eBay page to stay in control 
of your buying and selling activities: And more besides. 


128 pages Order code BP716 £7.50 


THE INTERNET - TWEAKS, TIPS 
AND TRICKS 
R. A. Penfold 
Robert uses his vast knowledge and 
experience in computing to provide you with useful hints, 
tips and warnings about possible difficulties and pitfalls 
when using the Internet. This book should enable you to get 
more from the Internet and to discover ways and means of 
using it that you may not have previously realised. 

Among the many topics covered are: Choosing a suitable 
browser: Getting awkward pages to display properly: Using 
Java, spell checkers and other add-ons: Using proxy servers 


to surf anonymously and privacy facilities so you do not leave 
a trail of sites visited. Ways of finding recently visited sites 
you can no longer find: Using download managers to speed 
up downloads from slow servers. Plus, effective ways and 
tricks of using search engines to locate relevant info: Tricks 
and tips on finding the best price for goods and services: 
Not getting “conned” when buying or selling on eBay: Finding 
free software: Finding and using the increasing range of 
Cloud computing services: Tips on selecting the best security 


settings: Etc,etc,etc. 
ler code BP721 £7.50 


128 pages 

FREE DOWNLOADS TO PEP-UP \ 
AND PROTECT YOUR PCS ~ 

R. A. Penfold 

Robert uses his vast knowledge and 

experience in computing to guide the reader simply through 
the process of finding reliable sites and sources of free 
software that will help optimise the performance and protect 
their computer against most types of malicious attack. 

Among the many topics covered are: Using Windows 7 
optimisation wizard: Using Pitstop for advice on improving 
performance, reducing start up times, etc: Free optimisation 
scans and the possibility of these being used as a ploy to 
attack your PC. 

Plus, free programs such as Ccleaner, Registry checker 
and PCPal optimisation software: Internet speed testing 
sites and download managers: Overclocking sites together 
with warnings about using this technique: Sites and software 
for diagnosis of hardware faults, including scanning for out 
of date drivers and finding suitable replacements: Free 
Antivirus software and programs that combat specific types 
of malware: Firewalls: Search engines to identify mystery 
processes listed in Windows Task Manager. 


Order code BP722 £7.50 


128 pages 


All prices include UK postage. for postage to Europe (air) and the rest of the world (surface) please 
add £2 per book. For the rest of the world airmail add £3 per book. Note: Overseas surface mail 
postage can take up to 10 weeks. CD-ROM prices include VAT and/or postage to anywhere in the 
world. Send a PO, cheque, international money order (£ sterling only) made payable to Direct Book 
Service or card details, Visa, Mastercard or Maestro to: 


DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LIMITED, 113 LYNWOOD DRIVE, 
MERLEY, WIMBORNE, DORSET, BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 880299 Fax 01202 843233. Email: dbs @wimborne.co.uk 
Order from our online shop at: www.epemag.com. Go to the ‘UK stor 


COMPUTING 


AND ROBOTICS 


NEWNES INTERFACING COMPANION 

Tony Fischer-Cripps 

A uniquely concise and practical guide to the 
hardware, applications and design issues involved in 
computer interfacing and the use of transducers and 
instrumentation. 

Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing 
system from the selection of suitable transducers, to 
collection of data, and the appropriate signal processing 
and conditioning. 

Contents: Part 1 — Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, 
pressure and flow. Part 2 — Interfacing; Number systems; 
Computer architecture; Assembly language; Interfacing; 
A to D and D to A conversions; Data communications; 
Programmable logic controllers; Data acquisition project. 
Part 3 — Signal processing; Transfer function; Active 
filters; Instrumentation amplifier; Noise; Digital signal 
processing. 


295 pages Order code NE38 £41.00 
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HOW TO BUILD A COMPUTER 

R.A. Penfold 

To build your own computer is, actually, quite easy and 
does not require any special tools or skills. In fact, all 
that it requires is a screwdriver, pliers and some small 
spanners rather than a soldering iron! The parts required 
to build a computer are freely available and relatively 
inexpensive. 

Obviously, a little technical knowledge is needed in order 
to buy the most suitable components, to connect everything 
together correctly and to set up the finished PC ready for use. 
This book will take you step-by-step through all the 
necessary procedures and is written in an easy to 
understand way. The latest hardware components are 
covered as is installing the Windows Vista operating system 


and troubleshooting. 
Order code BP591 £8.99 


BUILDING VALVE AMPLIFIERS 

Morgan Jones 

The practical guide to building, modifying, fault-finding 
and repairing valve amplifiers. A hands-on approach to 
valve electronics — classic and modern — with a minimum 
of theory. Planning, fault-finding, and testing are each 
illustrated by step-by-step examples. 

A unique hands-on guide for anyone working with 

valve (tube in USA) audio equipment — as an electronics 
experimenter, audiophile or audio engineer. 
Particular attention has been paid to answering questions 
commonly asked by newcomers to the world of the 
vacuum tube, whether audio enthusiasts tackling their 
first build, or more experienced amplifier designers 
seeking to learn the ropes of working with valves. The 
practical side of this book is reinforced by numerous clear 
illustrations throughout. 


320 pages 


368 pages Order code NE40 £29.00 


PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold 


While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics enthusiast 
it is probably their novelty value that makes them worthy 
of exploration. Fibre-optic cables provide an innovative 
interesting alternative to electric cables, but in most cases 
they also represent a practical approach to the problem. 
This book provides a number of tried and tested circuits for 
projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, F.M. audio link, 
P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, P.W.M. 
motor speed control, RS232C data links, MIDI link, Loop 
alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 
132 pages 


Order code BP374 £5.45 


BOOK ORDER FORM 


Full NAME? .eciess cece vas cash eee iia 


Address: 


Post code: .......... 


SIQMARUNG 2.52 szaccngteacsstacicte esses sensasssscaeantetacadane eae 


Card Security Code 
(the last three digits on or just below the signature strip) 


Please send book order COde@S: .........:eeeeeeeeeeee 


sivessepizstns Telephone No: ........cccceteteceescneeeene 


Card valid from date 


Please continue on separate sheet of paper if necessary 


TI 


PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are fully drilled and roller tinned. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to 
both sides. All prices include VAT and postage and packing. Add £1 per 
board for airmail outside of Europe. Remittances should be sent to The 
PCB Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 
Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be 
ordered from, our website. 


PROJECT TITLE ORDERCODE COST 


FEBRUARY ‘11 
Time Delay Photoflash Trigger 
Tempmaster Mk.2 


MARCH 11 

* GPS Synchronised Clock 
* Digital Audio Millivoltmeter 
Theremin 

USB Printer Share Switch 


APRIL'11 


Multi-Message Voice Recorder 
PIR-Triggered Mains Switch 
* Intelligent Remote-Controlled Dimmer 


MAY '11 

*6-Digit GPS Clock 

Simple Voltage Switch For Car Sensors 
The «Current (double-sided, surface mount) 
* Digital Audio Oscillator (double-sided) 


JUNE ‘11 

230V AC 10A Full-Wave Motor Speed Controller 
Precision 10V DC Voltage Reference 

6-Digit GPS Clock Driver (Pt.2) 

Musicolour IRDA Accessory 


JULY 11 

Beam-Break Flash Trigger — IR Source 
— Detector 

Metal Locator 

Multi-Function Active Filter 

Active AM Loop Antenna and Amp (inc. Varicaps) 
— Antenna/Amp 
— Radio Loop 


AUGUST 11 

Input Attenuator for the Digital 
Audio Millvoltmeter 

* SD Card Music & Speech 
Recorder/Player 

* Deluxe 3-Chan. UHF Rolling Code 
Remote Control — Transmitter 

— Receiver 


SEPTEMBER ‘11 


* Digital Megohm and Leakage Current Meter 
Auto-Dim for 6-Digit GPS Clock 


OCTOBER ‘11 

* High-Quality Stereo DAC — 
Input & Control Board 
Stereo DAC/Analogue Board 
Front Panel Switch 
Power Supply Board 

Twin Engine SpeedMatch Indicator 

%* Wideband Air/Fuel Display (double-sided) 


NOWEMBER 11 
* Digital Capacitor Leakage Meter 
One-of-Nine Switch Indicator 

— Main Board 

— Remote Display Board 
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PROJECT TITLE ORDERCODE COST 


DECEMBER ‘11 

* Wideband Oxygen Sensor Controller 
* WIB (Web Server In A Box) 

%* Ginormous 7-segment LED Panel Meter 

— Master (KTA-255v2) 

— Slave (KTA-256v2) 

— Programmed Atmega328 


JANUARY '12 
Balanced Output Board For The Stereo DAC 


FEBRUARY '12 
* Air Quality Monitor (CO,/CO) 
WIB Connector Daughter PCB 


MARCH 12 

* Internet Time Display Module 
Solar-Powered Intruder Alarm 
* Very, Very Accurate Thermometer/Thermostat 


APRIL’12 
* Digital Audio Signal Generator 


— Main Board (Jay or Alt) 
—Control/Display Board 
EHT Stick 
Capacitor Leakage Adaptor For DMMs 


MAY 12 

High-Performance 12V Stereo Amplifier 
Low-Power Car/Bike USB Charger 

* Solar-Powered Lighting Controller 
Jump Start — Plant Pot Moisture Sensor 
— Rain Alarm (Main) 

— Rain Alarm (Sensor) 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and 
others previously published can be downloaded free from the Library 
on our website, accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards 
can also be downloaded from our website (www.epemag.com); go 
to the ‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 
Everyday Practical 
Electronics 
cca eee 
Card No.. Sse ode. Roe Bee oe we oo eed 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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ADVERTISEMENTS 


Everyday Practical Electronics reaches 
more UK readers than any other UK 
monthly hobby electronics magazine, our 


sales figures prove it. We have been the 
leading monthly magazine in this market 
for the last twenty-five years. 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+VAT) per centimetre high, with a minimum height of 2-5cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 


(+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. 
VAT must be added. Advertisements, together with remittance, should be sent 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified 
advertising please contact our Advertisement Manager, Stewart Kearn as above. 


Robot Bits 


Robots, Arduino & more! 


38s 


www. RobotBits.co.uk 


0845 5 191 282 


BTEC ELECTRONICS 


Microcontroller with 
colour touch screen 
based on PIC32 


TECHNICIAN TRAINING 
NATIONAL ELECTRONICS 


VCE ADVANCED ICT 


BASIC on Board 


HNC AND HND ELECTRONICS 


FOUNDATION DEGREES 


www.byvac.com 


MISCELLANEOUS 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 
01788 574774. 


NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


If you would like to advertise 
on the Classified page then 
please call: 

Stewart Kearn on 


01202 880299 


ADVERTISERS INDEX 
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COASTHELECTIRONIGS: s.sc2its dec elect ade Sector Bieta ated dee 63 
COMPACT CONTROL DESIGN .......... 00000 eee aes 37 
CRICKLEWOOD ELECTRONICS ...........0000 0c a ee 63 
ESR ELECTRONIC COMPONENTS ..........00000 eee ee 6 
JAYCAR ELECTRONICS ....... 0.00.0. ccc eee 4/5 
IPG ELEGTRONICS: «isa S:5 aeachosns. cig Sotcan SeacbenQutne Beene die bein 80 
EATER OSGORE 5, ste sit doctearsnehietvesuyie Stun atenaxavitiee tones dusstueenees 73 
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MIKROEMEKTRONIKA 3 aoc seb poo ag sisted daeo ae ee neds 57 
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PEAK ELECTRONIC DESIGN .............000000. Cover (iii) 
PICO TECHNOLOGY 
QUASAR ELECTRONICS: 6 o's seddteare bon ne ke Sowden ine alae 2/3 
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ADVERTISEMENT OFFICES: 

113 LYNWOOD DRIVE, MERLEY, WIMBORNE, 
DORSET BH21 1UU 

PHONE: 01202 880299 

FAX: 01202 843233 

EMAIL: stewart.kearn@wimborne.co.uk 

WEB: www.epemag.com 


For editorial address and phone numbers see page 7 
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SS! EZ Designed in the UK, 
FAT Made in the UK. 


The Atlas LCR (Model LCR40) is now supplied with our new premium 
quality 2mm plugs and sockets to allow for greater testing flexibility 
Includes new robust gold plated hook probes as standard, others 


avaiable as an option 


Test inductors (from tuH to 10H), capacitors 
(1pF to 10,000uF) and resistors (10 to 
2M). Auto-range, auto-frequency and 


auto component selection 


Basic accuracy of 1.5% (typical 
accuracy specified for 
inductance 100uH-100mH, 
capacitance 200pF-500nF) 
Minimum resolution is typically 
1uH, 1pF and 10 


Battery, user guide and new 


Style hook probes included as standard 


. 


Optional Probes 


Tel. 01298 70012 
www.peakelec.co.uk 
sales@peakelec.co 


West Road House 


West Road 
Buxton 
Derbyshire 
SK17 6HF 


electronic 


£70 + VAT 


Visit our website for more detailed 


data or call us for a free datasheet. 


£84 inc UK VAT 


+ UK P&P at £3 inc VAT 


WW 


w.stewart-of-reading.co.u 


kK 


Check out our website, 1,000 s of items in stock. 


HP8560E SPECTRUM ANALYSER 
30HZ-2.9GHZ with Tracking Generator 
£3,500 
HP8560 SERIES SPECTRUM 
ANALYSER Frequency up to 26GHZ 
Various Models from £2,500-£7,000 


333°" aE 


O99 FOC 
HP83731A/B 
SYNTHESISED SIGNAL GENERATOR 
1-20GHZ Various Options 


£4,000-5,000 | 


TEKTRONIX TDS784D 
4 Channel 1GHZ 4GS/S 

Opts 05/1M/2M/2C/3C/4C no Probes 

£2,750 


R&S SMR 40 10MHZ-40GHZ 


SIGNAL 
GENERATOR Options B1/3/4/5/11/14/17 
£POA 


RACAL 1792 RECEIVER 
£300 


AGILENT E4402B Spectrum Analyser 
100HZ — 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 


HP 35670A FFT Dynamic Signal Analyser 
2 Channel. Unused in original box...£4000 
AGILENT 83752B Synthesised Sweeper 


OLOT=2OGHIZ.. isiss seen sntnndendsxeitean oni £6000 
HP83711B Synthesised 1-20GHZ with 
Opt IEI Attenuator......................08 £5000 


AGILENT/HP E4431B Signal Generator 
250KHZ-2GHZ Digital Modulation...£2750 
MARCONI 2024 Signal Generator 9KHZ- 
2.4GHZ Opt 04.........0.. eee £1250 
MARCONI/IFR 2030 Signal Generator 
10KHZ-1.35 GHZ 
MARCONI 2022E Synthesised AM/FM 
Signal Generator 10KHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ- 


PAGHIZ osasitvdoteesnceues sadcuiicnss £1950 
HP8568A Spectrum Analyser 100HZ- 
ASOOMIZ? jc cc.cctcceacabieeviacssadasened £1250 


AVCOM PSA-37D Spectrum Analyser 
1MHZ-4.2GHZ 
IFR 1200S Se 
Monitor. 
HP6624, ly 
Twice, 0-7V 0-5A; 0-50V 0.8A 


Special price...................::ceeee ened £350 
AVO/MEGGAR FT6/12 AC/DC 
breakdown tester.................4+ £400-£600 


MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New....... £2500 
SOLARTRON 1250 Frequency Response 


Analyser 10UHZ-65KHZ................. £995 
HP3324A Synthesised Function 
Generator 21MHZ................cc0:0000e £500 


AN 


p 
10KHZ-2.2GHZ 500hm................24 £750 
AGILENT E4421B 250KHZ-3GHZ 
Signal Generator..............02..:::.04 £2500 


HP53131A Universal Counter Opt 001 
Unused Boxed 3GHZ.................. £850 


QUART LOCK 10A-R Rubidium 
Frequency Standard.................. £1000 
PENDULUM CNT90 Timer/Counter 


Analyser 9KHZ-8GHZ.............2...00008 £- 
HP Programmable Attenuators £300 
each 

33320H DC-18GHZ 11db 

33321G DC-18GHZ 70db 


Many others available 

AGILENT E3610A Power Supply 0-8v 
0-3A/0-15v 0-2A Unused 

AGILENT E3611A Power Supply 0-20V 
0-1.5A/0-35V 0-0.85V Unused 
HP6269B Power Supply 0-40V 0-50A 


AMPLIFIER RESEARCH Power 
Amplifier 1000OLAMB.................. £POA 
MARCONI/IFR 2945/A Radio 
Communication Test Sets with options 
Chidhela igeeevehh acsadesit sabests from £3,000 


SPECIAL OFFERS 
MARCONI 2305 Modulation Meter.£295 
MARCONI 6960B Power Meter with 


ANRITSU 54169A 
Scaler Network 
Analyser 0.01- 
40GHZ £POA 


ANRITSU 37247C 
Vector Network 
Analyser 0.04- 
20GHZ £POA 


Many Accessories 
with each unit 


FLUKE SCOPEMETERS 99B Series II 
2Ch 100MHZ 5GS/G 


MARCONI 2955/A/B Radio 


M@St-SOt i. cas cassnccvende conciaavésanndaneels £- 
HP33120A Function Generator 

100 MicroHZ — 15MHZ Unused Boxed 
£595 
£395 


Used, No Moulding, No Handle. 
ENI 3200L RF Power Amplifier 
250KHZ-150MHZ 200W 55Db...£POA 


from £325 
9 .. from £225 
STEWART of READING 


17A King Street, Mortimer, 
Near Reading RG7 3RS 
Telephone: 0118 933 1111 
Fax: 0118 933 2375 
9am — 5pm Monday — Friday 


CIRRUS CRL254 Sound Level Meter 

with Calibrator....................000ecceee £95 
CEL328 Digital Sound Level Meter with 
CEL284/2 Acoustical Calibrator........... 


Used Equipment - GUARANTEED 
Prices plus Carriage and VAT 


Please check availability before 
ordering or CALLING IN 


ROUTE FASTER ! 


jatey ate 


sb ack 


WITH PROTEUS PCB DESIGN 


Our completely new manual router makes placing tracks quick and intuitive. During track 
placement the route will follow the mouse wherever possible and will intelligently move 
around obstacles while obeying the design rules. 


All versions of Proteus also include an integrated world class shape based auto-router as 
standard. 


PROTEUS DESIGN SUITE Features: 
Hardware Accelerated Performance. « Board Autoplacement & Gateswap Optimiser. 
Unique Thru-View™ Board Transparency. = Direct CADCAM, ODB++, IDF & PDF Output. 
Over 35k Schematic & PCB library parts. = Integrated 3D Viewer with 3DS and DXF export. 
Integrated Shape Based Auto-router. » Mixed Mode SPICE Simulation Engine. 
Flexible Design Rule Management. » Co-Simulation of PIC, AVR, 8051 and ARM. 
Polygonal and Split Power Plane Support. =» Direct Technical Support at no additional cost. 


Prices start from just £150 exc. VAT & delivery 


| abcente Ly, VV VV \ www.labcenter.com 


Electronics Visit our website or 


phone 01756 753440 
Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. - 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com for more details 


